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A Brief History of Fossil Collectors 


Nearly three thousand years ago the hobby of fossil collecting 
had its beginning in Greece. As hi back as joo b.c. Xanthus of 
Sardis drew attention to the occurrence of fossils, and on the 
Island of Cos in the Aegean Sea, it is believed chat Hippocrates, 
the 'Father of Medicine", studied one of the first fossils to be re¬ 
corded in hlstoiy. Xenophon (450-357 b.c.), Aristotle (334-322 
B.c.) and Strabo (65 b.c.-a.d. 24) were among other Greeks, 
Romans and Arabs, who, in the nest centuries, were to pick up 
and ponder over fossils. Sometimes they clearly saw in their re¬ 
mains evidence of periodic submergence of land areas, while at 
other times they believed these fossils to be only the remains of 
some ancient workers’ lunch, Throughout the Middle Ages most 
Europeans who collected fossils saw in them evidence of meo 
and animals who perished in the Flood of Noah. 

The late fifteenth century was to see the birth of fossil collect- 
kg as a science. In 1452 there was bom in Italy the great artist, 
scientist and inventor Leonardo da Vind, who in his later life 
wrote some notes concerning the origin and meaning of fossils. 

As a young man, Leonardo helped to plan a navigable 
in northern Italy, and while supervising the work, came across 
large numbers of shell, coral and plant remains. Examining these 
ancient fossils, he said to himself, 'Here are petrified creatures 
not unlike the existing animals of the sea, and the plants of the 
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field and the wood. These, being dug from giavel beds, must be 
of great age. Therefore these rocks and shells and plants must 
have inhabited those waters and valleys.’ 

One of the great scholars of the nen century was Conrad 
Gesncr (1516-^5), who, in 1565, completed a bulky work that 
was die first hook to actually illustrate fossils. Gesner had no tme 
conception of the origin of the fossils he sketched, but le^ed 
them as being either the remains of animals or productions of 
some inorganic process. At this time fossils were usually con¬ 
sidered as creatures or objects formed by some plastic force deep 
within the earth. They were called *lusus Naturai, or Treaks’, or 
‘sports’ of nature. 

prom the sixteenth century onwards, fossil collecting became 
increasingly popular. The first ‘cabinet ox collection of fossils 
was put together by Georgius Agricola (1494-155 5). j^ricola’s 
collection was noteworthy, for he carefully gathered all the in¬ 
formation he couid find, both from a study of earlier authors and 
from examination of his own specimens. He was also the first 
man to cob the term ‘fossil’, although he used this term for 
cvexythbg he dug out of the earth. It took three hundred years 
for the word fossil to become wstricted to mean the remains of 
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prehistoric animals and plants found in rocks and more recent 
deposits. 

Pioneers of this fidd in the sixteenth and seventeenth cen¬ 
turies often had to recant their published beliefs, as these contra¬ 
dicted religious and traditional ideas. During the next two hun¬ 
dred years many more workers entered the field of palaeontology, 
as fossil collecting and the study of fossils came to be called. Men 
like Robert Hooke (1655^703), Martin Lister (1638-1711), John 
Woodward (1663-1722) and Johann Gottlob Lehmann (d. 1767) 
put forward important theories, and advanced the idea that a 
chronology could be derived from fossil successions. The real 
surge of progress in palaeontological knowledge began in the 
late eighteenth century however, and the man who finally 
changed the ‘seminal vapours’ of 1698 into the science of palaeon¬ 
tology and stratigraphy was an Englishman named William 
Smith, the ‘Father of English Geology’. 

As a young surveyor and engineer. Smith mapped and plotted 
the course for a canal in Somerset, during which time he noted 
that the rock layers or strata lay on top of each other like ‘so 
many superimposed slices of bread and butter’. For several years 
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Willkm Smirh walked imcounted miles over the Hills and valleys 
of Gloucesteishire, Somerset, Devon and many other parts of the 
country, collecting fossils and observing geological outcrops. 
Picking up fossils was not enough however, for he began to 
trace known fossils (many of which he himself identified and 
described) within certain rock beds he had plotted on his maps, 
then to trace the beds themselves from one locality to another, 
seeing both similarities and variations of the beds. 

This work of Smith began the real study of stratigraphy, or 
the conelation of one geological formation with another through 
the use of fossils. By this method, long ages of the past could now 
be shown to leave the stories of their history in successive layers 



Fig. I. Shovii^ hov rock beds oi strata become separated, 
^ssected, add exposed by earth moTements and erosion. 


of rock. Although these successions of strata were not always 
found to be complete or even similar in every locality, the fossil 
assemblages they contained always seemed to follow a fixed 
order or stiatigiaphical relationship. Thus Smith showed that the 
fossils themselves allowed a comparison of beds within a given 
time sequence, and often proved similarity of age between widely 
separated localities. 
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In 1 3 16 William Smith published his famous Strata I 4 cntiJUd by 
Or^hyd Fossils^ and, one year later in 1817, the field of fossil 
collecting was even more firmly established by the publication 
of his Siratiffupbical System of Or^sm^ed Fossils. On the continent 
also, many other palaeontologists, including Lamarck, Werner, 
Schlotheim, Cuvier, Brongniart, Banande and d*Orbigny, wrote 
of their own researcltes and closely approached Smith’s correla¬ 
tion principles in their deductions. 

The study of fossils in America began towards the latter part 
of the eighteenth century, when it was still a vast and unmapped 
wilderness, waiting for the early pioneer geologists to explore its 
deserts, mountains, and waste lands. Perhaps the most famous in 
the field of fossil collecting in these earlier days were Thomas 
Jefferson, Richard Harlan, Jefferies Wyman and Joseph Leidy. 



ThomasJefferson 

Jefferson (1745-1826) was a pioneer vertebrate palaeontologist, 
and kept his collection in the nation’s White House, for in 1801 
Jefferson was elected President of the United States. 

In the eighteenth and nineteenth centuries much valuable col¬ 
lecting and research was carried out by amatetirs; local cle^, 
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lawyers aj\d gentry often accmimJatcd large personal collections. 
By 1850, publications outlining the discovery of new fossil beds, 
theories concerning the geological development of the earth and 
stratigiaphical correlations began to pour from the presses. The 
great geological thinker, Sir Charles Lyell, published his Prin- 



Cbarks Darpin 


fipUs oj Geolo^ in i8jo, which was followed in 1834 by De La 
Bechets Researches into Theoretical Geology. Next came Sir Roderick 
Nfoichison’s gigantic volumes on The Silirrian System in 1839. 
These, amoi^ many other works, formed a stepping-stone to 
Charles Darwin’s (1809-8 a) great theories on evolution. 

One of the most stupendous fossil hunters was an American, 
James Hall (1811-98) of Albany. In 1856, Hall was appointed as 
an assistant in the recently established State Survey of New York. 
Within a decade the fossil collections of the New York State 
Geological Survey were among the largest in the country- Such 
industrious collecting was to cryscalliae into the fifteen monu¬ 
mental quarto volumes in which Hall described and illustrated 
the fossils of New York. The twentieth century was to see an 
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equally great collector in the person of Qiaxles D. Walcott of the 
United States National Museum. He discovered the classic 
Middle Cambrian Burgess Shale of British Columbia, from which 
he obtained a superb collection of invertebrate fossils. 

Today, fossil collectors both famous and unknown, abound in 
every part of the world. Either as professional or amateur, they 
continue the quest for the mysterious creatures of the past, 
always finding strange new treasures in the endless adventure of 
exploring the rock layers of the earth. 
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Fossils . . . What are They? 


A fossil is the jcmains, oi trace of lemaijjs, of an animal or plant 
that has been piescrved in the rocks representing the deposits of 
past geological times. It is preserved over a long period of time 
by one or other of the various ptocesses described below. The 
word ‘fossil* comes from the Latin verb /twfcr/, meaning ‘to dig*. 
From around 15 jo to 1800 it was customary to name everything 
being dug up from the earth a ‘fossif, whether it were of mineral 
or of animal origin. 


Typt: oj Fossil Prtsfrvatm 

(i) First we have actuai preservation, which, though of rare 
occurrence, is possible when bacterial action and decay have been 
prevented. The baby mastodon uncovered in the ice of Alaska 
only a few years ago is one example of such actual preservation. 
This almost perfectly preserved mastodon is now displayed in 
a refrigerated case at the American Museum of Natural History 
in New York. Other animals have been preserved without any 
chemical alteration in bogs and oil pits or seepages. This is par¬ 
ticularly characteristic of the Pleistocene deposits which were 
de^sited within the last miHion years- Insects found in fossil 
resin often appear to be unaltered, but in 6ct only their hard exo¬ 
skeleton is preserved, 
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(2) In fossiJization by minefali2ation, the porous shell or piece 
of bone all its air spaces and cavities 611 ed in with mineral 
matter. This has been brought in solution by the water which 
percolates through the earth, and when precipitated out of solu¬ 
tion it Ells up such fossils without changing their original shape 
or substance. This action tends to mali it more heavy, at ^e 
same lime giving it protection. 

(5) Replacement is a third method and one of the most com¬ 
mon. In this process the original animal substance, that is the 
shell or skeleton, is gradually dissolved and replaced by a differ¬ 
ent mineral, Silica often replaces wood in this manner, la corals 
and shells also, the actual specimens, other than their soft parts, 
can be entirely replaced by quarta, calcium carbonate, iron pyrites 
or other minerals. 

(4) Caiboniaation is the process whereby all the elements or 
organic materials unde^o decomposition, leaving only a residue 
of carbon to record the actual organism. Fossil plants are often 

preserved in this way. 

(5) Moulding, casting and imprinting arc closely connected. 
For example, shells embedded in rock or sedimentary deposits 
can be dissolved away, leaving a cavity which preserves the 
actual size and form of the object. In this natural mould perco¬ 
lating sub-surface waters may deposit minerals such as quartz, 
and so produce a natural cast. Thus sea urchins filled with flint 
arc found in the Chalk- 

(6) The tracks of animals arc considered to be fossils when they 
arc preserved in soft muds later hardened into lock. Sometimes 
even impressions of jelly-fish a« found in rocks. Fossil burrows, 
and borings in rocks and in fossil shells, could also be included 
here. 

(7) A coprolite is fossilized excrement or dung, in which can 
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usually be found scales of fish, or parts of other animaJs, thac 
were devoured by the animal which dropped it. They can teach 
much about the eating habits of early forms of life. 

( 8 ) Encrustation of leaves, sticks or bones in the mineraliaed 
waters of caves or springs may form fossils or tufa. This can 
commonly be seen in limestone districts- 

Conditions which Famtr t/je Preservation oj Fossils 

(x) Rapid burial in sediments. Dead animals are usually de¬ 
voured rapidly by scavengers, or are decayed by bacterial a^oa. 
However, early burial in moist sediments prevents this. 

(а) Rapid burial in volcanic ashes. In western America grear 
numbers of dinosaur bones have been preserved by burial in 
volcanic ash. 

(}) Possession of hard body parts, such as bones, shells or 
outer skeletons (as in crabs). 

(4) Uniform temperature conditions, with no rapid freezing. 

(5) Presence of highly mineralized ground waters. 

(б) Fine sediments make better burial material than coarse. 

(7) Quiet conditions of deposition, so that the fossils axe nor 

broken up by wave and current action. 
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The Classification of Fossils 


The aniiml and plant kingdoms arc divided into many phyla or 
major divisions, and the fossil record presents the majorit}' of 
these phyla as recognizable fossils. Some of course are scarce in 
their geological distribution, their record being so meagre that 
specimens are known mainly to specialists. 

To properly classify the many diousands of difiercm kinds of 
fossils would take a book vastly larger tlian this one. Here the 
main need is to teach the user to classify fossils down at least a? 
far as order or class, and how to identify a few of the very com¬ 
mon or unusual fossils down to genus or possibly species. This is 
sufficient to start a collection of labelled specimens, and you can 
do the more complete classification later when you have learned 
how to use the more technical descriptive literature or can take 
your fossils to an expert or museum and have them more pre¬ 
cisely classified. Below is a chart showing the main divisions of 
animal and plant classification, taking two very common species 
as examples. 

Species 
Genus 
Family 
Sub-order 

^5 


lupus 

(wolf) 

Caw's 

(dog genus) 
Ctuiaae 
(dog ^mily) 
IHssiptdia 

(land caroivores) 


sampestris 

fellow mustard flower) 
Brassiet 

(common enusurd genus; 
Brasnsaetat 
(mustard Bamily) 
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Order 

Comhtcra 

Papitvrralis 


(flesh eaters) 

(poppy order) 

Sub-eU$s 

Eufbtria 

DieohUdoneas 
(2 leaves in embryo) 


(placenrai) 

Oui 

Mofirfualia 

Angmprrmaa 


(milk giren) 

(true flowering plants) 

Sub'pbyium 

S/'ertihrefe 

Pftropdda 

(backboaed) 

(krge complex leaves) 

Pbflum 

CborJd/a 

Spermafophpta 

(a Qotoeherd) 

(seed pmis) 


The dog family (Cmiat) includes such genera as Cms (dogs) 
and Vulpfs (foxes). The genus Cards includes such species as 
lairans (coyote) and lycaon (North American timber wotf). Thus, 
as you move up the column from phylum to family to species and 
so on, the relationships of the groups become much closer. 

(Notb: As you read through this chapter, refer to the next 
chapter in which the different earth ages are shown in a geological 
time scale (p. 66.) This will help you to understand the relation¬ 
ships of the fossils described here and their times of recorded 
occurrence in the history of the earth.) 


CLASSIFICATION OF THE ANIMAL KINGDOM 
FROM THE FOSSIL RECORD 

In the pages that follow, inserted into the text are several 
charts illustrating the major phyla and classes of the Animal 
Kingdom. These chans show pictures of modem animals in 
their proper relationships. In the text, however, fossil animals 
are described and illustrated as they are related to these modern 
animals (except that some modern phyla, such as Rotifera and 
Nemettinea, are so poorly represented as fossils that they are not 
mentioned here as part of the fossil record). This will not only 
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hdp you in classification, but will show you evolutionary rela¬ 
tionships between ancient and modem animals. It will also make 
clear what ancient phyla, orders and classes have completely dis¬ 
appeared from the earth (* marks all extinct forms). 

You will note that the more primitive animals ate usually 
found in the earliest rocks. This is one of the strong proofs of 
some kind of evolutionary development of animal life. The chart 
on page zZ shows in a very simplified form the development of 
animals from the simple to the complex (evolution) as visualized 
by scientists. This Theory of Evolution is based on a very great 
accumulation of evidence that can barely be touched upon in a 
small book such as this, but the theory is itself in process of evo¬ 
lution and new discoveries each year being changes to this idea. 
The struggle for existence with survival of the fittest is the back¬ 
bone of the theory of evolution, and provides an intelligent solu¬ 
tion to the problems concerning the changes from primitive life 
to mote advanced forms, and the disappearance of animal groups 
(for example, the dinosaurs) which were once prosperous and 
numerous. Even today the struggle to live and to reproduce 
continues fiercely, all living forms having survived because of 
their greater ability. 


Phylum Protozoa 

These are the simplest of all animals and consist of single ceils 
or a small number of similar cells. The majority are microscopic 
forms which leave little or no trace when they die. Under this 
phylum, however, we do find two orders which have left a wealth 
of fossil evidence; the orders Foraminifera and Radiolaria of the 
class Sarcodina. 

The Foraminifera have shells which are commonly made of 


Cain^zoU 



Fig, 2. A simpli(ied rhart showing thf fvnUitjnn of life on earth. 
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calcium carbonate, sometimes silica, and which consist of one, oi 
of a number, of microscopic chambers. These can be arranged 
in a straight line, in a spiral or in a zigzag pattern. They ate the 
most common form of Protozoa, and many thousands of miles of 
sea Hoot are entirely covered with uncountable numbers of tlieir 
shells- This material is called GJobigeiina ooze after one of the 
more common genera. 

One of the larger and more easily found of the fossil Foramini' 
fera is ^Nummuliits (Plate i), a discoidal form common in the 
Barton and Bracklesham Beds of the English Eocene, and which 
often attains the size of a sixpence. Although rare until Carboni¬ 
ferous times, Foraminifera ate found In Upper Carboniferous 
rocks and persist to the present day. 

The Radiolaria build their shells of silica. They ate not divided 
Into chambers but occur as globes (Fig. 4 ) and pyramids of great 
diversity and complexity, often pierced by holes and ornamented 
with spines. In England they range ftom the Ordovician to the 
present day. 


PhYLUM POB.IFBRA 

The sponges belong to this group, and while appearing rather 
like plants, are actually many-celled animals. They take in food 




Fig- j. Sponge spicules 
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and water through innumerable pores scattered over their sur¬ 
face, hence the term ‘Porifera’. The majority of sponges secrete a 
skeleton which may be of spicules of calcium carbonate or silica, 
or of a horny organic substance called spongin. The latter arc not 
preserved as fossils. In some sponges the spicules are held to¬ 
gether in a loose meshwotk by organic matter; this decays after 
death, and so only the individual spicules are found (Fig. 3). 
Other fossil spoi^es are preserved as entire specimens (Plate 2), 
for their spicules join to form a continuous network. 

Sponges are found in many shapes, ftom the fairly simple vase 
shape illustrated, to more complex types with folded walls and 
cubular projections. Others are mushroom-, fan- or funnel- 
shaped; spherical, cylindrical or encrusting. Sponges range from 
the Lower Cambrian to the present, and were very common in 
Palaeozoic times. 


Phylum Coelenterata 

The Coelenterata are muitiediulax animals a little more ad¬ 
vanced and complicated than the Porifera. Some arc free swim¬ 
ming or single polyps, others form colonies; some secrete skele¬ 
tons and others do not. Three dasses of this phylum ate illus¬ 
trated in one of the charts (Figs. 11-13), and these arc the only 
classes of interest to the fossil collector. 

The class Hydrozoa (hydrocoraJJines) is represented from the 
Lower Cambrian to the present, and includes such forms as the 
fresh-water HydrOj a simple sac-like polyp. Most are marine, 
however, and include jelly-fish such as the Portuguese Man of 
War, encrusting organisms or ‘sea mosses’ and the *Stromato- 
potoids which secreted skeletons of calcium carbonate. These are 
important constituents of Lower Palaeozoic limestones, and are 
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found cither fts encrustations or as hemispherical masses of con- 
Generic wavy laminae, crossed at intervals by pillars or rods. 

The class Scyphozoa also ranges from Lower Cambrian times, 
or possibly even earlier. It includes the larger and more con* 
spicuous jelly*£sh. XJmbreIla*Ijke, with a fringe of tentacles, these 
have no hard parts, but sometimes leave a faint impression in 
tuiC'graJned sediments under very quiet depositional conditions. 
Today they are found in fresh as wdl as salt water. 

The class Anthozoa, which includes the corals and sea anc* 
mones, is very important to the collector. Corals first appeared 
(n Ordovician times as solitary individuals which secreted a cone* 
shaped or cylindrical shell, divided internally by radiating parti- 
lions called septa. Very similar in fact to the coral in Plate j, 
which shows the septa in the calyx or depression at the top of the 
shell. These Palaeozoic corals were the *Tetracoralia or Rugose 
corals, which also included massive, compound and branching 
forms, some of which were important reef builders. Plate 4 
shows a compound rugose coral, *LonjdaUa jkrijormis^ made up 
of individual coiallites. Here the septa are separated from the 
outer walls of the cotallites by a zone of dissepiments, which are 
small curved plates that usually connect the septa. In the centre 
of each corallite a columella can be seen. 

Figure 15 shows a tabulate coral, in which the tabulae (hori¬ 
zontal plates) are well developed. ^Ha^siUs is a chain coral, and 



Fig. chain>eonJ 

3 ^ 



Plate I. NmmuUtts laeui^tiis. A /oraminifer from the Lower Brack letham 
Beds, Eocene, Whited iff Bay, Isle of Wight, The smaller specimen shows 
the external ornament and the larger specimen has been split open to show 
the interior arrangement of the chambers in spirally coiled whorls. 



Plate 2. RapbidontiHA fsrin^ontnse. A vase-shaped calcareous sponge from 
the Cretaceous Faringdon Sponge Bed at Fanngdon, Berkshire. 







Plate 5 A laicge single coral Plate 4, ImMU Jtmfirmh. A compound rugose 

£fomibe Silurian Wenlock Lirocstoce of Wenlock coral which is found quite commonly in ^ arboni- 

£^g^. ferous. It is rare to find ooe as well weaihcred-out as 

the specuneti illustrated. 
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with other members of its group such as *Heliolites 

Afld ^Syrirt^pora^ was aJso an important reef builder in the Lower 
Palaeozoic. 


•Graptolithtna 

Graptolices were thought for a long time to be a coeleneeiate 
group, but one of the more recent theories holds that they ate 
ptotochordates. Dendroid graptolltea (see page 70) such as 
Dictyemma are thought by some to belong to the Hydxozoa, and 
they have a fan- or funnel-shaped skeleton consisting of numer¬ 
ous radiating branches connected by transverse bars. 

Graptolitcs, now extinct, were floating, marine colomal organ¬ 
isms which secreted a supporting and protective exoskeleton of 
chitinous material. Each individual polyp making up the stalk or 
stipe of the colony lived in a small cup or theca. Hiese can be 
seen in Plate 5, and they make the stipes look like tiny saw blades. 
The number and the attitude of the stipes varies considerably, 
and since this group includes a large number of forms which 
evolved rapidly, graptolites are very valuable foi zoning, dating 
and correlating rocks. For example, ‘tuning-fork* graptolites 
with two stipes like the illustrated Di^moQ-aptus aurvhisonae are 
characteristic of the Lower Ordovician, and monograptids with 
only one stipe are distinctive of the Silurian. 

The exoskeletons are usually fossilized as thin carbonaceous 
Aims, and they are found from the Tremadocian to the Lower 
Carboniferous. 


Phylum Poltzoa (Bryozoa) 

Polyzoa arc superficially like colonies of coclenteratc polyps, 
c 
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but arc, in fact, much more highly organiaed. They are vciy small, 
almost tubular animals, largely marine and always colonial in 
habit. They secrete calcareous skeletons which are fixed to the 
sea Hoot, and which ate built up by many individuals. These 
colonies may take various forms; the specimens in Plate 7 are 
largely scem-like brandling types, but they can also be massive or 
encrusting (Plate 6). 

The Polyzoa were most common, both in variety of species as 
well as abundance, duting early Palaeozoic times. They appear 
less abundantly from the Devonian to the present day, and form 
an involved phylum needing microscopic study to determine 
even genera. 


PhILUM BaXCHlOPODA 

Brachiopods arc bilaterally symmetrical (equal-sided), in- 
equivaJved (two valves of unequal size) marine bivalve shellfish, 
with shells of chitino-phospbatic or calcareous material. They are 
either pediculatc (with stems or stalks) or ate sessile (attached to 
rocks without stems). The valve (half shell) through which the 
pedide emerges is the ventral (lower) valve, and the opposite 
valve the dorsal (upper), A few pediculatc forms with a fleshy 
muscular pedide have the ability to burrow in sand and mud, 
arid to move about slowly, The ^ves arc held together by teeth 
and sockets in articulate (jointed) brachiopods (Fig. 14), but by 
muscles only in inatticulate (unjointed) brachiopods. 

The bzachiopod shell remains closed after death, therefore 
many internal moulds are found (Plate 8), the actual shell having 
been dissolved away after it has been filled with sediment. Some 
brachiopods, such as the majority of cerebratulids (Plate 9), lack 
ornament but possess a smooth punctate (covered with tiny 
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Plate 5. Oidymo^raptus THiirehisMot. A Plate 6. Bxchara ptrtusd. An enctusting 

Cuning'fotk graptofitc from the Ordo- bryoaoan from the Pliocene Coralline 

vician of Aberciddy Bay. Crag at Sudbourne. 


Plate 7. Silurian Wenlock Limestone with bryozoan colonies, crinoid ossicles, 

etc. 










Plate 8. A typical decalciiicd shelly siltstone or sandstone of the Lower 
Palaeozoic, with brachiopods (Ortbis, CbomUs)^ crinoid ossicles, etc. 



Plate y. EpHi^ris batboiriea. A tere* Plate lo. Rkfaebonella <iiia 4 riplkate from 
bratulid from the Upper Jurassic the Jurassic rocks of the (fotswolds. 
rocks of Gloucestershire. 
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holes) shell Others like the rhynchonellids (Place lo) are ribbed 
or even spinose, and have a Hbious impunctate shell 
The Phylum Brachiopoda had its beginning in the Cambrian 
with a majodty of inarticulate forms, although several genera of 
AiticuUta arc known. The main outburst of genera and species 
occurred from Ordovician to Devonian times, and tlien they 
giadually declined. Brachlopods can be found in most fbssili- 
ferous horizons from late Cambrian to iate Jurassic, and a few 
forms continue to live in the warm seas of today. 

Phylum Annelida 

This phylum includes the common segmented worms such as 
the modern earthworm. They appear as elongated bilaterally 
symmetrical animals, with a mouth at one end and the anus at the 
other. They possess silico-chitinous jaws which arc often pre¬ 
served as fossils, but as they are largely soft-bodJed they leave 
few remains. Some, however, such as Strpula, secrete calcareous 



Fig. 1 $. Worm burtowa io t Palaeosoic rock 

tubes Of cement sand grains together, and they also leave casts, 
trails and burrows which may be preserved. They are known 
from the Cambrian to the present day. 
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Plate 11. Asapbfts tf. tyrumm. A txilobite from the Ordovidan rocks neat 

Bailth Wells. 
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PKTLuy Arthkopoda 

The Arthropods (jointed lijnb$) form one of the most inter- 
csting groups of fossils, and include the famous class *TrUobica, 
which is one of the eadiest and most specialiaed of all inverte¬ 
brate groups. The arthropods are all chmcterized by having an 
exoskeieton of hard body armour which protects their delicate 
inner organs. This armour or skeleton is jointed or segmented in 
the various body appendages or limbs, which were often speci¬ 
alized organs for locomotion or breathing. 

The class Triiobiea is the most important group of fossil 
arthropods. The name arises from the transverse tripartite divi¬ 
sion into middle and lateral lobes (best seen In Plate 15), well 
shown by the tri-lobed profile They are also divided 

longitudinally into head, thorax px>dy) and tail (Plate 11). The 
head consists of a central glabella, at the sides of which are the 
simple or compoimd eyes (Plates 11 and 15), and then the htt or 
fixed cheeks. The whole body is flattened and the head and tail 
covered by rigid shields. The thondc segments were articulated 
hou'ever, allowing the animal to curl up for protection. Nor¬ 
mally only the dorsal shields are preserved as these were shed 
periodically. Often, too, these disintegrate as in Plate 11, and only 
isolated heads, tails or thoracic segments are found. 

Trilobites were exclusively marine and lived largely near the 
sea floor in shallow water. Modifications of some forms however 
suggest other modes of life. For instance, the development of 
many spines suggests a free floating existence, and the absence of 
eyes and the broad bead of Trumcim (Plate 11) suggests the habit 
of burrowing and grovelling in mud. Their forms were diverse 
and many, and beginning in the Lower Cambrian, their develop¬ 
ment became less spedalined in post-Ordovician times until they 
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bec^e extinct at the end of the Permian. With the bmehtopods, 
they are the most important fossils of the Lover Palaeozoic, and 
certainly among the most fascimtlng. 

The class Crustacea is represented by several fossil forms. The 
sub-order Decapods includes the crabs, lobsters and crayfish 
which are so familiar today. The first undoubted occurrence of 
this group is in the Tnas, but they ate far more numerous in 
more recent rocks, and the carapaces and claws of the crab 
*XanthopsiSy for instance, ate fiudy common b the Eocene. 

The sub-class Ostracoda are leas familiar crustaceans. They 
appear to be tmy lamellibtanchs, but are actually arthropods, for 
although they possess bivalved shells they also have jobted legs. 
Most ostracods are too small to be of great interest to the average 
collector, but they can be valuable to specialists as index fossils. 
They range from the Upper Cambrian to the present day. 

The sub-class Gnipediabcludes the barnacles (Fig. 30). While 
being crustaceans, they dlfiu greatly from the ordbary forms, 
for these degenerate arthropods cement themselves to shells, 
rocks 01 other marine life by means of a calcareous base. Here 
they wait for the sea to bring them food with the coiubg of each 
tide. The first undoubted Cicripedes are found b the Upper 
Jurassic, although possible forms are known foom as far back as 
the Cambrian. They appear most commonly m shore deposits 
from the Miocene to the present. 

The class Insecta can be divided bto two sub-classes: (i) The 
Apterygoca, which consists of four orders of ptiniicive wingless 
insects (such as the silver fish b Fig. m); and (a) the Pterygota, 
which is made up of some forty-one orders of winged insects 
(such as beetles and files, see Figs. ^4, m ^ > 4 ) ^ 

secondarily wbgless insects (such as fieas and lice). 

The remains of a primitive wbgless insect have been found in 
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the Middle Devonian chert of Rhynie in Aberdeenshire. Other¬ 
wise the first fossil remains ate found in the Coal Measures, where 
a variety of forms occur. Many are also found in Permian, Juras¬ 
sic. Cretaceous and later rock formations. Rapid burial by sedi¬ 
ments is essential for the preservation of these delicate organisms, 
and superbly preserved insects have been found in fossil resin 
(amber), mainly from the Oligocene. 

The class Arachnida contains the scorpions and spiden. These 
arc advanced arthropods with a body divisible into a ccphalo- 
thorax, coveted by a carapace, and abdomen (Fig. 3d). Scor¬ 
pions have few fossil representatives, although primitive form? 
have been found in the Silurian of Lanarkshire, and also in the 
Carboniferous, Trias and Oligocene. Spiders also are rare as 
fossils, although here again good specimens in amber arc found 
in the Oligocene. 



Fig. 4*« An early to, scorpion 

The most enormous arachnids, however, belonged to the sub¬ 
class Merostomata, and were the •Euryptcrids (Fig. 42 and Plate 
ij)- They were the terrors of the estuaries and shallow seas of 
the Silurian, and often exceeded six feet in length. It is probable 
that they were the cause of the decline in crUobitc population 
during the Silurian and early Devonian, and were great rivals of 
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the first fish. They tie only found in Palaeozoic cocks, and the 
best specimens in this country have been obtained from the 
Silurian of Lanarkshite. 

Another arachnid order, Xiphosuia, is found in fossil form, 
and ranges from the Cambrian to the present. The living repre¬ 
sentative is Umulus or the IGng Crab, and one of the more com¬ 
mon Finglish fossil forms is *B«limtrHs of the Upper Old Red 
Sandstone and the Coal Measures. 

Phylum Mollusca 

This phylum is made up of four major classes, numerous sub¬ 
classes. and includes a vast number of invertebrate animals vhich 
are similar in organic structure, but differ radically in the form 
of their shells. There axe well over sixty thousand recorded living 
species and an uncounted number of fossil forms. Their great 
abundance is due in part to their ability to exist in various types 
of environment, climate and depths of water. This phylum in¬ 
cludes the clams and scallops (Rg. 41); the <fian< and limpets 
3 8); the devil-fish, squii and octopuses (Fig. 40); the tusk or 
tooth shells (Fig. 39) and the coat of arms or chiton shd Is (Fig. 37). 

The class Lamellibranchia contains the mussels, oysters, scal¬ 
lops and their relatives. As in the bracluopods, the soft body is en¬ 
closed in a sheD of two valves, but instead of being dorsal and 
ventral, these valves are placed one on the right and one on the 
left side of the body. Also, the two valves are almost identical ex¬ 
ternally, and certainly very rarely show the bilateral symmetry of 
the brachiopod valves. The shape, size arui ornament of the shell 
can vary enormously. 

The valves are locked together by projections of the hinge 
called the teeth, and these fit into corresponding sockets in the 
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opposite valve. The small teeth under the beak are termed cardi¬ 
nals, and the long teeth parallel to the hinge arc called laterals. 
The number and arfangemem of the teeth can also vary, and even 
forms a basis for classification. Vmricardia^ in Plate i6, has two 
very large cardinal teetli and one small lateral tooth. The valves 
arc shut by means of a pair of muscles which arc attached to pre¬ 
cise areas of the shell known as muscle scars. The front one is the 
anterior muscle scar, and the rear one is the posterior muscle 
scar. 

Most lamcllibranchs crawl along the floors of seas, rivers and 
lakes, and these move with a fleshy foot which is adapted for bur¬ 
rowing or clinging to rock sur^ces. Others, such as oysters, 
cement themselves to rocks, and scallops {Pteteny Plate 17) swim 
by clapping their valves open and shut. In England, lamelli- 
branchs range from the Tremadocian to the present, and are evi¬ 
dent in most fossilifexous horizons, especially marine. They are 
scarce in some periods such as the Ordovician, but abounded in 
others such as the Cretaceous, when they assumed gigantic ^nd 
bizarre shapes. 

The Gastropoda include the snails, whelks and slugs. Snails 
usually possess spirally coiled shells with a homy or limy door 
called the operculum. The spire can be coiled in one plane or it 
may coil downwards after the first whorl and form a high, 
pointed spited shell (Plate :8). These variations of coiling and of 
external ornament arc of great value in the classification of fossil 
forms, Unlike the lamellibranchs, which arc largely marine, 
gastropods live in oceans, fresh water and on land, and like some 
iamdlibranchs, they crawl on a fleshy foot. Gastropods range 
from the Cambrian to the present, and though in the past they 
were generally less abundant than lamellibranchs, they now ex¬ 
ceed them in number- 
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‘Tlie Scaphopoda, or tooth sheila, form a class of the phylum 
MoUusca (Fig. 3$»). They have a bilaterally symmetrical body pro¬ 
tected by a calcareous tubular shell, open ar both ends. They go 
back to Ordovician rimes, but did not become common until the 
Cretaceous. Today they live in fairly deep water, burrowing into 
mud or sand, where they wait for the ocean tides to bring them 
food. The ancient Indians used to use shells of the genus Dmta- 
Ham as money, so they are common in Indian burial mounds. 

The class Cephalopoda is considered one of the most impor¬ 
tant by petroleum geologists and palaeontologists, for cephalo- 
pods, and panicularly ammonites, had a rapid and varied evolu¬ 
tion, and so make good zone fossils, important for conelation. 
Modem representatives include the squid and the octopus (Fig. 
-|o), but more common in ancient seas were the previously men¬ 
tioned ammonites (Plates 19 and 20), the nautiloids (Plate 21 and 
Fig. 43) and the belemnitcs (Fig. 44). Many of these were very 
highly developed and specialized forms. 

The order •Ammonoidea includes the most common cepho- 
lopod fossils, and ranged from Devonian to Cretaceous times, 
with the greatest evolution occuning from Triassic to Cretaceous 
times- The ammonites have either a coiled (Plates 19 and ao) or 
straight shell, divided internally into compartments by simple 
or frilled sutures of varying form, useful for identification and 
classification. These surures often attained very great complexity, 
and they can be seen on the surface of the ammonite in Plate 19. 
Astiroctras is a ribbed form, and EabopliUs is decorated wiA 
tubercles. In the Cretaceous the ammonites, then a dying race, 
indulged in a final fling, producing fucastic and irregular forms, 
including many uncoiled or partly coiled types. 

The order Nauciloidea ranged from the Cambrian to the 
present, and was a more conservative order, with simple septa, 
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and after the Palaeoxoic, uniformly coiled shells. Though never 
very common, the nautiloids (Plate 21. Fig- 43 and page 75) some¬ 
times reached a spectacular size, and were carnivores with long 
tentacles. 

The order Dibranchiaia includes the modern squid and octo¬ 
pus, and the extinct bclemnitcs, which had straight, cigar-shaped 
shells inside the body. It is this inner shell or guard which is pre¬ 
served as a fossil (Fig. 44). Belcmnites range from the Trias to tiic 
Cretaceous, but were most prominent during Jurassic times. In 
this period they sometimes grew to be five or six feet long, but 



Fig. 4). An axicienc nautiloid 




Fig. 44. A fossil belemnite 

no specimens of this size arc found in Great Britain, They had six. 
instead of the squid’s ten, arms or tentacles, and these arms were 
covered with hooks instead of suckeB. Sometimes these are pre¬ 
served as a carbonized film. 


44 




P3ai€ 17. Ae^pfe<hu optretritris. A Pliocene scaJIop from the 
Coniline Crag at Sodbouroe Hall, Suflblk. 






Plate 18 . Voluia spinosa. A Lower Oligocenc gastropod from the Isle of Wiglit. 



Plate 19. As/trcKfraj obfiisfim. A Lower Lias ammoriite from Lyme Regis» 

Dorset 
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Phylum Echinodermata 

This phylum contains seven classes, of which five aje shown in 
die chart. Figures 46-50. The important fossil groups are the 
*Cy$ tides, Ciinoidea, *B]astoidea« Asteioidea and E^noidea. 
While the Bchinodermata appear mote primitive than either the 
Arthropods or the Moliusca, some scientists believe that they 
show a closet relationship to the next phylum, the Chordata, than 
do the other two. 



Fig. 45. A SiJwuiA fc«si] cystid, sbowug the icregukily shaped pUces. 


The class ’Cystidea consisted of the most primitive echino- 
dcrms, and lived only during Palaeozoic times. They were 
usually stemmed organisms fFig. 45) with a calyx (ftowcr 4 ike 
head) lachei similar to that of a conoid (Plate aa and Fig. 46), 
but with imperfect arms and irregularly shaped and arranged 
plates, which varied in number according to the species. In 
Figure 45 btachioles (arms) can be seen radiating from the food 
grooves along which they sent food to the mouth. They weie 
diverse both is structure and in external form, and are usually 
poorly preserved and rare as fossils. 

The class Ciinoidea is an important fossil group of the Echino- 
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dermaca (Plate a 2 and Fig. 46). Crinoids each have a calyx from 
which radiate many feathered arms, atrcngthcocd with brachial 
places. The calyx, composed of riogs of many regularly shaped 
places, is borne on a long flexible stalk made up of small circular 
or pentagonal plates or ossicles. On the death of the animal these 
usually break up, and loose crinoid ossicles ate very common in 
some limescones, and some can be seen in Plate 7. Tlus long seem 
served to anchor the crinoid to the sea floor, buc some forms are 
free swimming, such as ^Mtwsu^Us of the Upper Cretaceous. 
Crinoids range £rom the Ordovician to the present, but were of 
greatest abundance and variety during Palaeozoic times. 

The class *Blastoidea closely resembles the crinoids in having 
a bud'Shaped calyx on a short jointed column, but diflers from 
the crinoids and cysdds in not possessing arms. The head is made 



Fig. Pn/rtmi/i/t ft feftsU blftstotd which is nre io Europe buc found 
cumcnooly in the CarboAi&rous of North America 

of thirteen main plates, with two outer rings of rive places each. 
Five food grooves lead to a mouth at the top. In England, the 
Blastoidea ranged from the Devonian to the Carboniferous, being 
much more abundant in the latter period. 

The order Asceroldea Includes the starfish and cheii relatives. 
These possess a star-shaped body (Plate 23) with a central plate or 
disc, and usually five arms covered with plates; very like existing 
forms in fact (Fig. 47). Some of the plates have movable spines 
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with which they move about and catch their food. The moucli is 
on the under-surface. Complcic fossiJ specimens are relatively 
rare, and when they do occur, it is often in ‘starfish-beds', where 
numerous specimens of one or two species or genera ate found. 
They range from the Cambrian to tltc present. 

The class Echinoidea is by far the most common in both num¬ 
ber of genera and species and quantity of specimens to be found. 
Sea urchins are not generally accepted as important index fossils, 
but some are used as zone fossils in the Chalk, and Mierashr 
(Plate i;), especially provides an interesting and chronologically 
significant record of evolution- 
The echinoids bear a test (or outer skeleton) composed of thin, 
closely joined calcareous plates. As can be seen in Plates 24 and 
25, these plates can be divided into narrower columns of ambu¬ 
lacra! plates and the wider columns of interambulacial places. The 
former have pairs of pores through which small tube feet are 
protruded and used for locomotion. The large tubercles seen in 
the figure of Htmieidaris form the bases to large and small spines, 
which usually become detached after death and are often found 
separately, Echinoids sometimes ‘dig' holes in rocks, in which to 
anchor themselves. The first cchninoids appeared in tlie Ordo¬ 
vician, but their distribution in the Palaeozoic was sporadic. They 
attained their maximum development during the Cretaceous 
period. 

Phzluw Chordata 

Emphasizing thz Sub-Phylum Vertrbrata 

The most advanced animals of the Animal Kingdom arc chose 
with a backbone and spinal cord. These have been placed in the 
phylum Chordata. This phylum includes primitive animals with¬ 
out a backbone, but having a nerve cord (notochord) running 
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Plate io. EttbopHtes pniwdJttts. A Gault (Cretaceous) Platen. AW/A//. A specimen of Lover Cretaceous age. 
ammonite mm tbe Isle c£ Wight. 







Plate 22. Cissofrimtsgpmpdac^lits^ A Silurian crinoid. Plate 25. Opinoderma tarimta. A fossil starfish from the 

Middle Lias of Yorkdiire. 





Plate 24- HmMdaria atermtSa. A Jurassic cchinoid Piste 25. MUr<ultr praetftrsw. A Cretaceous echinoid 

ftom the Coral Rag at Colne, Wilcshiie. HemUidsris is from the Upper OtaJk. ^Mkras/er Is an irregular heart* 

a regular form vidi almost radial symmeir}'. shaped form. 







Plate 27. Footpcints of ihe primitive dinosaur CUirotberi/m hmasi, from 
rhe Tfiassie sandstones at Storeton, Cheshire. 
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down the length of their bodies from head to tail (Figs, 5x-3)- 
The chordates with a backbone arc called vciccbrates, and are 
often divided into two super-classes, Pisces (fish) and Tctrapoda 
(foxir-fooced animals, mcluding however the snakes). The phy¬ 
lum as a whole ranged from the Cambrian to the present. 

Vertebrates are often so large that their fossil remains in the 
rock need to be taken out by experts, The new and inexperienced 
fossil collector Is liable to ruin such specimens, patticdatly the 
more delicate bone structures. For this reason it is suggested that 
if you find such fossils, take out only a small section to show the 
nature of what you have found, and report your discovery to the 
nearest university or museum. It is possible that they may allow 
you to help with the work of digging out these large fossils, if 
you show yourself willing to co-operate and work with care. 


The Super-class Pisces {fish) 

The class Agnatha are the jawless fishes, and the best known 
modern representative of this group is the lamprey eel (Fig. 54). 
The early Palaeozoic members of this class, the Ostxacoderms, 
had a rigid bony armour covering the front portion of their 
bodies, and scale-likc plates covering the remainder, A complete 
specimen of Theloius (Fig. 57) has been found in the Silurian of 
Lanarkshire; this primitive ostracoderm had widely separated 



Fig, 37. TModus, A jawleis fish, coveted with small Kales which lived in 

late Siluriao times 


D 
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eyes aloi^ the front of its head, and the whole body was armed 
with numerous small stud-shaped scales. These ‘skin-teeth* ate 
often found loose in other dcpositsi in the Ludlow Bone Bed* for 
example. i 

The class *Placadermj :$ an extinct group of primitive jawed 
iish which appeared in the Silurian and died our before the end of 
the Permian. These also had extensive bony armour, and in¬ 
cluded die acanthodian sharks and the arthrodires. The sharks 
had well-developed spiny fins and were coveted with closely 
packed rhomboidal plates. The head armour of the arthrodires 
was not continuous with that of the body, but jointed to it by a 
peg and socket articulation. Dinichtbjs (Fig. 58 sometimes grew 



Fig. 5S. Diniebtbys. An atrhrodire of the Devonito 

to enormous proportions and its armour had apparently sunk be¬ 
neath its skin and become internal. 

The class Chondrlchthyes contains the boneless 6sh, which 
have skeletons of cartilage, and often an external covering of 
placoid scales. Ranging from the Devonian to the present, this 
class includes the true sharks, skates and rays (Fig. j 5). They were 
good swimmers, with long tails and both pectoral and pelvic fins 
(Fig, 59). Their teeth, both blunt grinding plates and sharp cusps 
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Fig. {9. Clai 9 j$Ueb«. A DevonUn shark 


(Pig. 5 o) and spines, are &rly common as fossils, especially in the 
Mesozoic and Cenozoic. By the late Eocene, enormous sharks 
like Cmlutrcdon roamed the seas, sometimes attaining lengths of 
more than forty feet. 

Palaeontologists believe that the amphibians had their begin¬ 
ning in the Osteichthyes (bony fishes). Appearing in the Devo¬ 
nian, these bony-skcletoned fishes were very successful and are 
thriving today in both fresh and sea water. The early forms had 
comparatively thick enamelled plates (Plate 26), but these, with 
the fins and general structure, underwent progressive modifica¬ 
tion. An interesting group of this class is the sub-class Dipnoi or 
lung-fish, which were very common during the later Palaeozoic. 
These fish have a lur^ bladder through which they can breathe 
air, and so can live through arid seasons when fish with gills 
would die, A member of this group survives today in the rivers of 
Australia. 







PlftM A nest of dinojftut (Profoara/ops a/itfnivsi) found M the base of 

the Upper Ccetaceous in the Gobi Desert, Mongolia. 






Place )9. IgimoSon sthtrfUlienju. The skeleton of a beaked 
dinosaur from the Wealden (Lower Cretaceous), Ather- 
held, Isle of Wight. 
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Super^dass Tetrapoda 

These ate the piired-limbed cieatuies, including the amphi¬ 
bians, reptiles, birds and mammals, and as with the fish, indi¬ 
vidual bones, teeth, scales, spines and also footprints are more 
common ilian entire fossil specimens (Plate 27). The amphibians 
go back to Upper Palaeozoic time. The reptiles first appeared at 
the end of the Palaeozoic, dominated the Mesozoic, and, except 
for the relatively few forms existing today, died out at the end 
of the Cretaceous. The fossil record shows evolution progtes- 
sivdy increasing in complexity. 

In the class Amphibia are included the frogs, toads, newts and 
salamanders 5 all animals whose blood stays near the temperature 
of their surroundings. Being half of the water and half of land, 
tliey usually spend their infancy as fish-like larvae with gills, but 
gradually change to adults with lungs, which enable them to live 
equally well on land or in the water. 

The first known amphibians lived in Upper Devonian and 
Carboniferous times, and were smaE newt-like animals with quite 
a complex skull structure belonging to the Stcgocephalia group, 
la the Upper Palaeozoic and Lower Mesozoic larger amphibians, 
the labyrinthodonts, attained lengths of eight or nine feet, and 
were clumsy heavily built creatures. Frog-like amphibians are 
tare as fossils, and none arc known to occur before the Upper 
Jurassic. As well as skeletal remains, amphibians leave trails and 
footprints in the fossil record. 

The class Reptilia, or reptiles, also are animals whose blood 
keeps a temperature close to that of their environment, but they 
difier from amphibians by starting life as air-breathing land ani¬ 
mals, and in having a coveting of scales. All reptiles probably at 
one lime had four legs, but the snakes have lost theirs through a 
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process of evolution (as is shown by vestigial legs in boa-constciC' 
tors). Some reptiles, such as the turtles and the extinct ichthyo¬ 
saurs and plesiosaurs, returned to the water ro live, though they 
never redeveloped the ancestral gills. The ichthyosaur (Plate 28) 
had a streimlmed iish-Iike shape, and was perfectly adapted for 
life in the sea. The plesiosaur, however, was a little more clumsily 
built and not so well adapted, and it is possible that it had limited 
power of movement on land, where it perhaps laid its eggs. Fossil 
reptile eggs, probably of dinosaurs, ate known from as far back 
as the Upper Jurassic, and in Plate ap are dinosaur eggs from 
the Upper Cretaceous of Mongolia. 

The most spectacular reptiles, of course, were the dinosaurs 
(Figs. d6-8 and Plate jo), which dominated the world during 



Fig. 66. PrsfMtfahpj. A horned dinossut from the Cretaceous of Asia 

Mesozoic times. They originated in the Triassic but were almost 
extinct by the end of the Cretaceous, possibly because of their 
very small brains and lack of adaptability to changing conditions. 

Dinosaurs assumed many bizarre forms and shapes. Theie were 
the sluggish amphibious forms like Diplotioais (Fig. 67) which 
lived in coastal swamps, only occasionally leaving the water 
which helped to support their enormous bulk. There were peace¬ 
ful plant-eaters with fantastic armour like Ste^sourus (Fig. (S8), 
ferocious carnivores such as Tyrannosaurus and weird-looking 
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Fig. 67. DipMctHj. \ti amphibious dinosaur found in the Upper Jurassic 

deposits of America 

(lying forms, the pterodactyls. The mososaurs, closely related 
lizard-like forms, followed the example of the ichthyosaurs and 
took to marine life. The thcromorphs were mammal-ltke reptiles 
which may have been the conneaing link between the two 
groups. 

The class Aves, or birds, are rare as fossils. The earliest known 
arc from the Jurassic, and, while having feathers very like the 
modern bird, these earlier creatures also possessed teeth, scales 
on the lower part of their legs and a peculiar arrangement of the 
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tail feathers (Fig. 69). Their feathers appear in two tows, ooc on 
each side of the long tail, unlike the fan-like arrangement of 
modem birds. The best examples of these reptilian-like birds are 
to be f^und in Solenhofen. Germany, and the Niobrara limestone 



Pig. 69. Arehatoptt^x. The oldest knowa bird, found m the Jurassic 

formations of Kansas in America. In the Pleistocene birds be¬ 
come relatively abundant as fossiis- 
The class Mammalia contains the warm-blooded animals that 
bear their young alive, have a body-covering of hair, and breathe 
by means of lungs. They had their beginnings in the Mesozoic 
when they were a small arid insignificant group. They came into 
their own at the beginning of the Cenozoic, however, after the 
extinction of the dinosaurs, but the early forms were very primi¬ 
tive, uaspecialized and with a small brain (Fig. 70). 

The bones of mammals show many interesting changes as 



Pig. 7c. BsryUmhia. A primitive herbivorous mimmel from (he Palteocene 
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these animils adapted themselves to changing climatic conditions 
and greater competition from theit enemies. For example, the 
primitive horse (Fig. 71) gradually lost the use of two of its three 
toes, and developed one toe into the present hoof for faster run- 



f’S* 7 HyrantiMriHm {^Eohippui'). A primitive tbieC'toed horse of the Eocene 

ning- It also grew steadily larger. At the same time the elephant 
was developing a trunk and rusks, and the brains of most mam¬ 
mals were increasing in size. Down through the ages also the dif¬ 
ferent grazing animals, such as the buflalo, developed better 
teeth for grinding up grass and leaves. 

With the beginning of the Pleistocene, the mammals evolved 
into a great variety of forms, the most adaptable of which sur¬ 
vived the ice ages and persisted into modem times, The tlirce 
animals shown below in Fig. 7a were not so adaptable however. 


CLASSIFICATION OF PLANTS IN 
THE FOSSIL RECORD 

The Plant Kingdom is abundantly represented by a wealth of 
excellently preserved plant fossils in cod, shales and sandstones 
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Fig. 72. Gi&flt sloth, sabrc'toothed tiger and s South American glypcodont 

Beginning in Pre-Cambrian times as primitive calcareous algae, 
they had developed into land plants by the Devonian, and 
artained great diversity of form and widespread adaptability 
during the Carboniferous period, when the great coal beds were 
formed on the sites of ancient swamps. 

^^any volumes have been written about fossil plants alone- In 
a small guide-book of this kind, only enough detail can be given 
to acquaint the reader with the major plant divisions (equivalent 
to the animal phyla), and some of the mote interesting and impor¬ 
tant fossil plants of the different geological periods. It is inter¬ 
esting to note that the evolution of plants moved along at about 
the same rate as that of the animals from the simple to the com¬ 
plex. A modern sunflower is probably as complex in its way as a 
modern ape. 


Division I, Thallophyta 

This division includes the one-celled plants, the bacteria and 
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algae as well as plants such as fungi and lichens which have no 
roots, stems, leaves or i^owets. Because most of these plants have 
few or no hard parts, their fossil reeord is usually scanty. 

The sub*djvision Algae, however, arc recorded from p«» 
Cambrian time to the present, and occur abundantly in some 
Palaeozoic horizons (rock layen) as shapeless masses or reefs, 
made up of forms similar to tliat shown in Figure 75, Also very 
important arc the family Diatomaceae, or diatoms (Fig. 74). 



Fig. 73. A fossil alga, consisting of concentric calcareous layers 


Pig. 74. Ditcoms 

Essentially, these are tiny plants enclosed in glass 'boxes', manu¬ 
factured by the plant from the silica ia the water. These protcc- 
tive coverings may take many interesting geometrical forms, 
which are often preserved in rocks as fossils and sometimes form 
quite thick beds. 

The order Charales (or Chatophytes) arc a form of algae that 
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become very complex, so mucli so s$ to sometimes be called a 
differejit division. They have apparent leaves and stem?, and a 
small, calcareous fruiting body (like the fruit in higher plants) 
that helps the plant to reproduce sexually. These hard fruits are 
solid enough to be fossilized, and arc found from prc-Dcvonian 
times to the Pleistocene. 



Fig. 7j. 

The sub-division Fui^i, including the mushrooms and bracket 
fungi, ate found as fossils in the Devonian and in even older 
loc^. In some Carboniferous shales they have been found pre¬ 
served as spores (Fig. 75). 

Division II, Brtophvta 

This division includes the mosses and liverworts, which have 
leaves, or leaf-like forms, but no true roots or flowers. They are 
found on damp earth, tree bark, or floating on water. The 
oldest fossil liver-worts are found in the Upper Carboniferous 
Coal Measures, but the lack of hard parts of members of this 
group makes them quite rate as fossils. 



Plate } r. The Giant Irish Red Deer which iohabited western Europe during 

the Pleistocene. 




Plate Spbtnopttrh affnis. A pteridoiperrn m seed-fern from 
the Lower Caibomferous of Scotland. 
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Division III, Pteridopkyta 

’nu$ includes chose plants that have vascular tissue (specialised 
plant cissue for carrying liquid In rubes), leaves, seems and roots, 
but do noc possess flowers, cones or seeds. 

The class Lycopodiales includes the cxcincc Palaeozoic 'scale 
trees’ and the modem dub mosses. The latter occur today on our 
hills as inconspicuous fr illin g plants with the sporangia on the 
leaves usually formed into small cones. The narrow leaves appear 
spirally. The andent 'scale trees* {*Lepi<iotUndr(iH\ however, were 
often over one hundred feet high. Their fossils can always be 
recognized by the way in which the prominent leaf scars are regu¬ 
larly spaced over the bark (Fig. 76). 

The class Articulatales includes the modem order Equisctales, 
or horsetails, which grow two to three feet high and have peculiar 
jointed stems with tiny scale-like leaves at the joints- Some of the 



Pig. 76. The bark of a fosiil scale tree 

andent relatives 01 ancestors of these plants, however, like the 
Carboniferous genus *Calamifes (order Calamitales), grew a foot 
in diameter and go up to thirty-five or more feet in height. Their 
ribbed and jointed trunks are distinctive when found as fossils. 
At one time they covered vast swampy areas, but by the end of 
the Permian period they had died out 
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The order Filicalcs includes the true ferns. These all possess 
well-developed vascular tissue and distinct roots, stems and 
leaves. However, they reproduce by means of spores, and have 
no true flowers or fruits. Large collections of fossil fems may be 
made from most Carboniferous Coal Measure shales. Collecting 
is especially excellent along mine dumps or the spoil-banks of 
open-cast coal mines. The genera most commonly found ace 
PtcoptmSy Nturopttris and Aiithopttris, though some genera 
found may be seed ferns (see below). 


Division IV, Spbrmatophyta 

This division includes all the plants with true cones, flowers 
and seeds, and widespread fossil plants belos^ to the order 
Pteridospermae or seed ferns (Plate 5 a), These plants had large 
leaves or fronds beating seeds, and often became very large; pet* 
haps up to one hundred feet taE. They then looked more like 
palms than ferns. They were most extensive in the late Palaeozoic 
and were the oldest plants with trxie seeds. The Benncttitales 
were Mesozoic plants very like the living cycads, but their repro¬ 
ductive organs resembled those of the flowering plants. 

The sub-division Gy mnospermae includes the modem conifers, 
ginkgos and cycads as well as some very ancient trees called Cot- 
daites (Fig. 79) which lived from Devonian to Permian times, 
These were tdl trees with large strap-like leaves, and with the 
seeds borne naked in open cones or catkins. 

The Ginkgos (order Ginkgoales) ate tall trees with broad 
fern-like leaves (Fig. 77), and primitive seeds borne in pairs. 
They appeared late in the Palaeozoic and continued to the 
present. 

The order Cycadales (Fig. 78) includes trees of ancient and 
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modem types with short cruaks, a palm-Ukc crowa and large 
seed-bearing cones. 

The genus Stquoia of the order Coniferales was very widespread 
in the Miocene, and the order includes the familiar firs, pines, yc\»' 



Fig. 77. A fossil giokgo leaf Fig. 78. The trunk of a fossU eycad 



Fig. 79. A cordaite tree 


and monkey-puzzle tree. The latter had almost wo rid-wide dis¬ 
tribution in the Jurassic and Lower Cretaceous. 

The sub-class Angiospermae includes the true ftowering 
plants. A primitive form is known from the Middle Jurassic, but 
only in the Upper Cretaceous did they become widespread. From 
then onwards the angiospetms were a dominant element of the 
dota everywhere, and still ate today. 
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A Geological Time Scale 

Geological time has been calculated by a number of methods, of 
which the uranium-lead method it one of the best, especially for 
estimating the age of very old rocks. Such ages can be determined 
by analysis of certain minerals in some igneous and metamotphic 
locks. These minerals contain a radioactive element of uranium, 
which disintegrates at a constant rate, giving off helium and 
leaving lead as the end product. Since the rate of uranium disin¬ 
tegration is known, it is possible to determine how long the 
patent rock has been in existence by estimating the relative pro¬ 
portions of uranium and lead in a given rock. 

The age and duration of geological periods and formations can 
then be calculated by correlating sedimentary rocks with near-by 
dated igneous rocks. Lately several new methods of deducing 
rock age have been developed, including Carbon 14 techniques. 
These are used only for rocks a few tens of thousands of years 
old. Caihon 14 is a special molecule of carbon that acta in the 
same way as uranium by losing half its mass ai the end of a defi- 
nice period of years. As the rate of change is known the rock age 
can therefore be determined. The methane gas proportionate 
method can be used to tell the age of coals, etc., in which methane 
gas has been stored in pockets in the rock. 

Geological time has been broken down by the geologist- 
palaeontologist team into five major divisions, each of which can 
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be split into periods. Of the major divisions only three, the 
Palaeozoic, Mesozoic and Cainozoic eras are of concern to the 
fossil coUeccor’ 

Geological time is thought to have begun about two thousand 
and five hundred million years ago in the Archacozoic Era, or at 
the theoretical origin of the earth. Study carefully the geological 
time cliart (Fig. $o) so that you can understand the outline pic¬ 
ture of the geologi^ history of the world in general and the Brit¬ 
ish Isles in particular. As each era is described in the pages that 
follow, you will find at the beginning of the description a diagram 
showing some of the probable land conditions of the British 
Isles at that period of geological liistory. Also shown arc draw¬ 
ings in silhouette of some common or characteristic animals and 
plants of each period. As you read about these plants and animals, 
refer constantly either to the preceding chapters or to the index 
for help, 


E 


^5 


















I 

I 

i 


Pi^ 8i. A ctuss-scaion uf the Grand Canyvn in the llniCcd States the thJd; Kucccfisiun nl' nick 

exposed aad tbe vtnt^nphicai divisions. There U no comptftble section in Gcett Briaio. 





A Geolo^cal Tim Scale 


PRE-CAMBRIAN ERAS 



CeoloffandClimaft'. Pre-Cambrian time 1 $ often divided up into 
into the Aaoic, Archaeozoic and Proterozoic eras. Tliese cover 
the rime span from the origin of the earth to the beginning of the 
Cambrian, estimated at more than fifteen hundred million years. 
During this time the earth gradually cooled and solidified from 
a hot gaseous state until a land crust formed, and water vapour 
condensed as rain. Into the resulting rivets and seas weathered 
debris of the crust was carried and deposited to eventually be¬ 
come stratified rock. These very early rocks later became de¬ 
formed and altered by heat and pressure associated with subse¬ 
quent earth movements. At least nine periods of earth movement 
occurred before Cambrian times, during which mountain ranges 
were formed and then gradually worn down during the inter¬ 
vening quieter periods. The Pre-^mbrian gneisses, slates, schists 
and volcanic rocks suggest that Pre-Cambrian landscapes were 
ever-clianging barren scenes of transient mountain ranges, 
deserts, volcanoes and steamii^ lava flows. 

Life must have originated in the warm seas of late Pre-Cam¬ 
brian times. No good fossils are found, however, as they were 
largely soft-bodied forms wliich left only burrows or imprints. 
Some Pre-Cambrian limestones contain calcareous layered struc¬ 
tures thought to have been due to algae or bacteria. Imprints of 
jelly-fish, worms and homy brachiopods also occur, and there ^e 
problematical forms suclt as Charnia masonic a frond-like impres¬ 
sion found in the Pre-Cambrian rocks of Charnwood Forest. 
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PALAEOZOIC ERA 


Cambrian P£kio:d 



The Cambrian period is of grcac significance as the earliest 
period in which good fossils are found, It is named after Cam¬ 
bria, the Roman name for Wales^ where this system was first 
studied. 

CeoUp a/id Climate: At the beginning of this period there was 
a little mountain building in some parts of the world, but on the 
whole it was a time of quiet erosion with shallow seas gradually 
encroaching on much of the land. The sea covered most of the 
British Isles area, and locally, vast quantities of muds and grits 
accumulated in slowly sinking troughs or geosynclines. 

The climate was probably warm, for sponge-Uke Archaeo- 
cyathids, suggestive of warm waters, ate found in many widely- 
separated pares of the world. 

Aftimal Uje: A large variety of invertebrate animals were in 
existence by the beginning of the Cambrian. Brachiopods and 
tfilobites became the dominant forms, but there were also 
sponges, jelly-fish, radiolaria, primitive echinoderms, molluscs 
and worms. 

Plant Uje: The only plants recorded in Cambrian rocks were 
the calcareous algae, a type of seaweed. 
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Ordovicjan Period 





Ctoh^ and Cliff/aU: Before the end of the Cambrian the seas 
began to rettear» and several new areas of dry Jand appeared. At 
the beginning of the Ordovician they advanced again, but it is 
believed that land ridges remained between Wales and Ireland, 
and in the Midlands. Sediment continued to accumulate in the 
geosyndinal troughs, one of which lay across Wales, and the 
other across southern Scotland. Volcanoes were aedve in North 
Wales, Scotland and the Lake District at various times during 
this period. In North America, however, deposition had been al¬ 
most continuous, and the seas continued to advance until they 
withdrew towards the end of the Ordovician. 

Most areas had warm, perhaps tropical climates, and many 
limestones were formed in the shallow marginal seas. Local ice¬ 
caps seem to have existed in Norway and South America how¬ 
ever. 

Animal Ujt: Invertebrates became much more varied and 
numerous, but the brachiopods and trilobites were still the most 
important forms, together with the branched graptolites, which 
now inhabited the seas in vast numbers. Other new forms in* 
eluded the corals, sea urchins, starfish proper, primitive bias- 
(oids, calcareous bryozoa, osttacods and foraminifera. Sponges 
thrived in the shallow waters and the molluscs, especially the 
cephalopods, developed rapidly, with Endoctras attaining a 
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length of fifteen feet. The first vertebrate remains, chose of bony, 
armour-plated fish, are found in the Ordovician of America. 
Plant Lije: This still consisted largely of various seaweeds. 


SiLuaiAN PsacoD 



GeoioQi and Climate: Vast thicknesses of sediment continued to 
fill up the two geosyndines, which were now distinctly separated 
by a land barrier. Earth movements began, at first on a small 
scale, and some areas were alternately elevated and then covered 
by the sea again^ a shallow sea coveted the Midlands in the late 
Silurian. Vulcanicity was less common than in Ordovician times, 
but there was still a little activity in Gloucestershire, the Mendips 
and Pembrokeshire. In America, coo, volcanic activity lessened, 
and here also there was alternation of low-lying land with 
shallow seas. 

The climate appears to have been warm and mild over the 
greater part of the world, and there are local indications of desert 
conditions in some continental areas. 

Animal Ufa: The animal life of the period certainly suggests 
warm seas, for in the cleat shallow marginal waters there occuned 
prolific growth of algae, corals, crinoids, stiomatoporoids and 
bryoaoa; all lime-sccreting organisms and often forming vast 
reefs (the Wenlock Limestone, for example). Also in these siul- 
low waters lived many trilo bites, rare sea urchins, cystids and 
molluscs, and in deeper water accumulated the floating animals 
such as the graptolites (mostly monograptids) ccphalopods and 

11 




PUtt 33* A diorama of ch« sea floor in Middle Silurliiri times^ showing tdlobices, 
oautiloids, crinoids, corals, bn ozoa and biachiopods. 




Phte J4- A diorama of a latt Silurian sea floor, with algae, and a sis-fooi specimen 

of E/iQ'pferm rtmipef. 






Place )$. A diorama of a Middle Devonian sea Aoor, wich trilobices. $cxaighc> 
sbeUed and curved naudloid$» single and compound corals, crirtoids, gascropods 




Pl«« 36. A diornna of an Uppcc Devonian sea floor, with a oaudloid, starfish, 
various types of glass sponge and a punuti^'e fish. 



A Geological Time Scale 

small crustaceans. Eurypterids and primitive bony fish lived in 
estuaries, lagoons and fresh water, 

Plimt Ufe: Seaweeds and other algae were still abundant in the 
shallow seas, but in the Upper Silurian deposits of Australia have 
been found the first known land plants* very simple lycopsids (a 
kind of club moss). 


Devonian Pfiaroo 



Ceohgf and Climate: At the end of the Silurian and during most 
of die Devonian, large-scale earth movements, accompanied bv 
much volcanic activity* caused the gradual uplift of vast moun¬ 
tain ranges and large land masses. In Europe these movement? 
are called the Caledonian Orogeny. The relics of the great moun¬ 
tain chain produced by this orogeny can now be seen in the 
mountains of Scotland, Wales, the Lake District and Ireland. The 
initial weathering and erosion of these mountains produced vast 
quantities of coarse and fine sediment which were carried and 
deposited in inland basins and vast coastal deltas. One of these 
deltas covered most of the Welsh Borderlands and pare of Wales, 
and was periodically submerged by the sea and at other times was 
virtually desert. A shallow muddy sea with local limestoixe reefs 
covered Devon and Cornwall, and there was also a little volcanic 
activity in this area. 

The climate at this time was semi-arid and very warm, but 
some areas must have liad a very heavy rainfall to cause such vast 
accumulations of rock detritus, 
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Animal Life: Reef-building corals and stromatopoioids stUi 
doufished in shallow seas, and sponges, crinoida and scarHsh 
were locally abundant. Early ammonoids or gonlacites also ap¬ 
peared, with coiled shells and crimped septa. Btachiopods were 
still the most common invertebrate form. The graptoiices proper 
had disappeared, cyscids were dying out, blastoids and echinoids 
were rare and only a relatively few genera of trilobites remained 
in existence. 

Many new types of animal appeared, including air-breathing 
forms such as the mites and wingless insects. One remarkable 
feature of the Devonian was the rapid evolution and spread of 
the vertebrates, and of the fish in particular. The Devonian is 
often called the Age of Fishes. The heavily armoured Ostraco- 
derms weie numerous, but there now appeared large sharks and 
true fishes, though the bodiee of the latter were covered with 
bony plates. One fish {Osteokph, a crossoptcrygian) possessed a 
body covered with scales, while a later fish of this same order 
iEusthenopteroH) could breathe air, had stout fins with which it 
could move on land, and had conical teeth with much infolding 
of the enamel. All these charaaexistics showed an animal that was 
in transition from a true fish to an amphibian. Such a fish (of 
which the modern lung-fish are living examples) could crawl from 
one shalbw river to another- Towards the end of the Devortian, 
clumsy salamander-like amphibians appeared. 

Plant Life: For the first time there was evidence that the land 
now had an extensive cover of vegetation. The plants also under¬ 
went great change during the Devoruan, and forms included scale 
trees, various ferns, seed ferns and primitive evergreens in which 
the leaves were blade-like instead of needle-like. 
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Lower Carboniferous Period 



Geology and Climate: During Lowei Carboniferous times 
most of Europe lay under a shallow sea, scattered with large and 
small islands and atoJl-lIke reefs. Much calcium carbonate was 
precipitated and later hardened into limestones. Northern Scot¬ 
land was land at this time, and was partly a delta on which suffi¬ 
cient forest growth was maintained to subsequently produce coal 
seams. The sandy and muddy deposits of south-western Ei^Iand 
indicate a rapidly subsiding gcosyncline, while In northern Eng¬ 
land, the shelf sea and its accumulating limestones was locally 
replaced by more rapidly sinking unstable areas in which shales 
accumulated. 

The climate must have been warm over most of the world, for 
compound corals are of widespread occurrence. 

Animal Life: The shallow seas, rich in lime, supported many 
corals, brachiopods, foraminifeia, ciinoids, molluscs, sea urchins 
and bryozoa. Spidfeis and productids were the most common 
brachiopods, blastoids and silidous sponges were common 
locally, holothuroids (sea cucumbers) made their Hrst appear¬ 
ance, and goniatites and eaily forms of nautilus were also com¬ 
mon. Dendroid graptolites now die out, and trilobites were be* 
coming extinct and were probably the prey of sharks. Zoning of 
the Lower Carboniferous in England is based on the occurrence 
of corals and brachiopods. 

Plant Life: Scale trees (lycopods), ferns and seed ferns domi¬ 
nated the Lower Carboniferous swamps, while in the sea the cal- 
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and Clifffatt: There was renewed uplift at the beginning 
of the Upper Carboniferous, and northern Scotland, southern 
England and part of the Midlands became dry land. A Scottish* 
Pennine delta came into existence, and its forested swamps are 
represented by the coals and peat-earths found today. These 
swamps would periodically subside, be invaded by the sea and 
then built up above water-level once more by the deposition of 
sediment. The cycle would then begin again. The Millstone Grit 
which underlies the Coal Measures consists largely of a rhythmic 
series of shales and gritstones laid down in a huctuacing deltaic 
environment, and at this time a vast Pennine delta spread out into 
the sea to the west and to the south. Theie was a little vulcanicity 
in the Midland Valley of Scotland. 

The climate in the northern hemisphere was a moist tropical 
or equatorial one, but less is known about the southern hemi¬ 
sphere, where it is believed that South America, Africa, India and 
Australia were joined to make the vast continent of Gondwana- 
Und. Pans of this continent were ice-covered, however, and 
glaciation U'as widespread by the beginning of the Peimian. 

Animal Lift.' Limestones were again laid down, though only 
locally, with a shelly fauna very similar to that of the Lower 
Carboniferous, The foraminifer Fnsuliria was a striking new- 
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comer, and the blastoids now became extina. The sharks domi« 
nated the seas, and bivalve molluscs were now common in the 
brackish wacets of the deltas and coal swamps. Forms such as 
Anthraconauta and Carbonmla are often abundant in Coal Measure 
Shales. 

Fishes were abundant, though the armoured ostracodetms had 
disappeared. Their successors were the heavily scaled and modem 
looking palaeoniscoids. On the land amphibians were stJl pro¬ 
gressing, as is shown by their fossilized skulls, skeletons and 
footprints. They grew very much larger, some reaching ten feet 
in length and weighing five hundred pounds or more; these were 
the labyhnthodonts, sprawling creatures with splayed legs, 
webbed feet and sharp widely-spaced teeth. Insects dominated 
the air, appearing in greater variety and size than ever before or 
since in history, including gigantic cockroaches and dragonflies. 
There were also numerous spiders, land scorpions and centi¬ 
pedes. 

Plant Life: The land forests grew in greater and greater iuxuti- 
ance, with giant ferns, seed ferns, giant tree rushes of the genus 
Calamites and slender lepidodcndrons, with stiap-like leaves and 
Triangular leaf scars, all building dense jungles. Beneath them 
grew thick undergrowths of smaller fem-Iike plants, horsetails 
and creepers. Si^Uario, with vertical ribs and vertical rows of leaf 
scars (called scales), was a scale tree related to the Jepidodendrons, 
but with laiger, more blade-like leaves, a thicker trunk and less 
spreading branches. All these plants contributed to the formation 
of immense coal beds. 
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Permian Period 



Ctologf and Climate: At the end of the Carboniferous and be¬ 
ginning of the Permian there was another great mountain-build¬ 
ing episode, the Hercynian Orogeny. Mountains were raised up 
and there was much volcanic activity, especially in Scotland and 
Devonshire. The British Isles at this time were part of an arid 
or semi-arid continent, with outwash screes and sands being de¬ 
posited on uneven desert surfaces or carried by temporary streams 
and rivers into larger delta fans. Arms of the sea became cut off 
by warping of the crust, and as the inflow from their desert sur¬ 
rounds was negligible, they gradually dried up, leaving salt de¬ 
posits. One such sea, part of the Zechsrein Sea that coveted 
northern Europe, spread over the Pcnnincs in Upper Permian 
times. In America also there were widespread desert conditions, 
and the Appalachians were raised up with much volcanic activity. 
Separating Gondwanaiaad from Eurasia at this time was the geo- 
synclinal sea called the Tethys. 

Permian climates seem to have been very diverse. The red 
beds and salt deposits of the northern hemisphere indicate hot 
dry conditions, while in Gondwanaland to the south, there were 
ice caps, which later retreated and warmer conditions allowed the 
growth of the Ghssopteris flora and the formation of coal seams. 
On the whole, however, it is thought that climates generally be¬ 
came cooler at the end of the period, 

Animal Life: Marine faunas were most profuse in the shallow 
seas that remained connected with the oceans, and are best known 
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fiom the Tethys region. Globular or spindle-shaped fotaminifera 
(fusulinids) were so numerous in these seas that some Pereman 
limestones are entirely composed of their shells. Among the new 
brachiopods were the highly specialized spiny pcoduccids (which 
ate almost a sure sign of Permian rock beds) and the coral-like 
Riehtbofenia. Both the fusulinids and the productids, as well as the 
rugose corals, the fenestcllids (lacy, fan-shaped bryozoans) and 
the tiilobitea which had been so abundant in earlier periods, 
gradually became extinct with the dosing of Permian times- Bias- 
toids became abundant in the East Indies before dying out ac the 
end of the period. 

Tht belemnoids appeared and the ammonites throve in the 
more open seas and were becoming subject to rapid evolutional)* 
changes. Many marine animals of the shallow seas found them¬ 
selves trapped and overwhelmed by the advancing deserts, and 
similar drastic changes during this period caused the extinction 
of many forms, the progressive dwarfing of others, and forced 
many to radically change their form and habits in order to survive. 
Primitive bony fish lived in fresh water and certain sharks roamed 
the seas. The acanthodians became extinct, however. 

On land considerable evolutionary changes were in progress. 
A great variety of reptiles, better suited to the drier climates than 
the amphibians, began to appear. The majority lived on land, but 
some were partly aquatic, Most were clumsy waddling creatures, 
6 ough a fw ^gan to develop agility in tutinii^. Most were 
small but a few grew to be ten or more feet long. Some developed 
into beaked types generally living on plants, and othen evolved 
spiked teeth for flesh-eating, Of special interest were the fin- 
backed reptiles of Texas (the pclycosaucs), which possessed long 
rows of spines connected by skin which rose like a sail from their 
backbones. Most advanced were the mammal-likc reptiles (thero- 
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morphs), with teerh becoming differentiated into canines, in¬ 
cisors and molars. It is possible that the later mammals evolved 
from these. During the Permian, insects became generally smaller 
and the modem orders began to appear. Conspicuous among 
these were the true bugs, the cicadas and the beetles, the latter 
with four stages in their histories. 

Pl^t Life: The swamp-dwelling trees and plants of the Car¬ 
boniferous began to die out in the early Permian, as more arid 
conditions prevailed. By late Permian the huge scale trees were 
all but extinct, as were the cordaites and giant ferns. The true 
coniferous trees began to take their places, as well as primitive 
cycads. Of the older kinds of trees that lived successfully through 
most of the period, the lepidodendrons were the most con¬ 
spicuous. 


MESOZOIC ERA 


Triassic Period 



Ceokp and Clin/ate: The continents again consisted largely of 
deserts with scree-covered mountains, dune-covered plains and 
temporary lakes and delta ^s produced by occasional heavy 
rains. Southern England possibly had a higher rainfall than the 
north, for here the pebbles in the rocks arc more rounded and 
there is evidence of rivers flowing from the south into south¬ 
western England. There seem to have been small oases and even 
swamps supporting thick vegetation, but on the whole, the red 
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beds and salt deposits found, indicate hot dry conditions. The 
Tethys Sea continued to exist, but the greater part of Europe was 
land at this time. America, too, was arid, and also had consider¬ 
able volcanic activity in the north-east. 

The climate in the Trias must have been generally hot and dry, 
and faunas certainly suggest that the seas were warm. 

Animal Lifii The opening of the Mesozoic by the Triassic 
period saw the appearance of many new groups of life, both on 
land and in the sea. The corals developed a new type, the hexa- 
corals, which still exist today. The brachiopods condnued abun¬ 
dantly at first, and the rhyncl^oncllids and the tcrcbxatulids flour¬ 
ished, only to diminish at the end of the era. Bivalve molluscs 
such as mussels and oysters became numerous and larger than 
ever before. Among the cephalopods the ammonites continued 
in abundance, becoming larger and many developing most com¬ 
plex suture lines. However, all ammonites died out near the end 
of the Mesozoic, possibly due to attacks by the new marine rep¬ 
tiles. The extinct relatives of the cuttlefish, the bclcmnites, 
flourished- 

Arthtopods evolved the first lobster-like crustaceans, and sea 
urchins and starfish were clearly becoming related to mote recent 
types. The first carnivorous fish-shaped reptile, the ichthyosaur, 
appeared and became adapted to life in the oceans. Later came the 
thick-bodied, slender-necked plesiosaur, catching fish by surprise 
rather than by speed. 

Reptile footprints arc abundant and well preserved on the sur¬ 
face of some rock beds, and the marks of raindrops covering vast 
slabs of sandstone tell of heavy showers which were followed by 
drying and baking of the ground by the hot sun. Land reptiles 
continued to expand both in size and variety, being less depend¬ 
ent on water than the amphibians and therefore more able to sur- 
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vive under desert conditions. The first of the early dinosaurs 
evolved* as well as many manunal-likc creatures. The Karroo 
Sandstone formation of South Africa is the richest bonc-beaciag 
deposit of this age in the world. It is probable that the earliest 
true mammals may have evolved from reptiles before the end of 
the Ttiassic period. Carnivorous reptiles became swifter on foot 
and sharper toothed. 

Plant Life: Not many fossil plants arc preserved from tliis 
period. Ferns, conifers and cycads developed in the northern 
hemisphere, and in the south, Gondwanaland still kept its dis> 
tinclivc flora of seed ferns (Thinnfeldia, etc.). 

Jurassic PfiRtoo 



Geclogf and Climate: In Rhactic times in northern Europe the 
seas mnigressed across the Hercynlan continent and deposited 
marine limestone and shale beds, forming a transition between 
the Trias and the Jurassic. In the Lower Lias the sea deepened 
and shales were deposited, but shallower conditions followed in 
the Middle Jurassic, and limestones, sands and reefs became 
common. The mountains of the Permo-Trias had now been re¬ 
duced to low hills and flat-lying ground, which was largely sub¬ 
merged by this shallow Jurassic sea, but which locally or tem¬ 
porarily gave way to estuarine or deltaic conditions as, for ex¬ 
ample, in Yorkshire. Scotland remained an island for much of 
the period, and at the end of the Jurassic the sea retreated com¬ 
pletely from the British Isles. Very characteristic of the Middle 
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Jurassic are the oolitic limestones composed of countless minute 
calcareous egg-shaped pellets, produced by precipitation of cat- 
bonare of lime around a nucleus, and rounded by constant agita¬ 
tion of the wave movements in shallow water. Many of these 
oolites have a fairly high iron content and are important as ores. 
There was continued deposition in the Tethys gcosyncline, and 
in America there was a long period of gradual erosion, and some 
vulcanicity which preceded the uplift of the Sierra Nevada range. 

The climate seems to have been generally warm and mild; 
deserts were far less common and rainfall had increased in most 
regions. 

Aniaal Life: The hexacorals that had started in the Tiiassic 
were now abundant, some appearing as simple cup corals, while 
others such as Isastraea were compound. These latter grew in 
such profusion that they formed reefs, usually with a distinctive 
associated fauna of molluscs. Hydrozoa and calcareous sponges 
were also important reef builders in some areas. The cephalopoda 
(squids, tuiuciloids, etc.) were the most distinctive invertebrates 
of this and subsequent periods. The ammonites had a great resur¬ 
gence in this period, after a bad decline at the end of the Trias, 
and developed many intricate fluted shells with a delicate pearly 
lustre, which were usually coiled, ribbed and divided inside by 
frilled septa. Their modes of life varied; some crawled on the sea 
floor while others swam near the surface. It is due to their ex¬ 
treme abundance in this period that the ammonites are used to 
identify and correlate the diflerent beds of the Jurassic through¬ 
out the world. The belemnites also became very numerous in the 
muddy seas, and their bullet-shaped internal shells are common 
fossils of the period; some grew to a length of five or six feet. 

Crinoids then, as today, liked to live together in large groups. 
These were rooted to the sea floor, while others were stalkless 
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and free-swimjning- Sea urchins were abundant in Europe and 
Asia, though less common in North America. Hemicidaris was 
common, and Ojpeus is relatively abvmdant in the oolites of the 
Cotswolds. Ctabs appeared for the first time, while arachnids 
(spiders) inhabited the shallow waters of Germany, France and 
parts of the Middle East. 

Primitive bony fishes, some with tluck enamelled scales, and 
sharks and skates were much in evidence and similar to modem 
kinds. The dominant animals in the seas, however, were the 
aquatic reptiles, which preyed on the fishes and the cephalopods. 
The plesiosaurs roamed the seas with the ichthyosaurs and the 
latter gave birth to free-swimming young and hod sharp conical 
teeth adapted for seizing fish. 

On land, insect life included grasshoppers, beetles, dragon- 
files and termites, as well as the earliest known moths, flies, saw- 
flies and ants. Frcsh-watci snails were sometimes so abundant 
that they formed thick limestone or ‘marble* beds. A good ex¬ 
ample of this can be seen on the south coast of England, where 
shells of Viviparus make up the Purbcck Marble. The slow and 
clumsy amphibians of earlier times were probably kilM off by 
the more aggressive reptiles, but smaller, quicker amphibians such 
as frogs and toads began to appear. 

Dinosaurs and the flying pterodactyls became more numerous 
on the land, while in shallow waters aocodiles and turtles were 
dominant. Many dinosaurs had become enormous. Some such as 
Diploiocui, Brontosaarus, CetioJauns and SteQ>saurus 'Vtit veget¬ 
able eaters, whereas others such as the terrible Megalaanrus and 
AUosanrui had long claws and sharp teeth for ficsh-cating. The 
pterodactyls of this time had developed the power of flight but 
retained all the characteristics of reptiles. Another reptilian stock 
evolved a feathered type of bird, with scales gradually modifeing 
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into feathers, but retaining the teetii and jointed tail of the rep¬ 
tile. 

The first true mammals began to appear ia the Jurassic. ^c>' 
were primitive creatures, no bigger than rats, and perhaps living 
in woodlands. Their teeth were adapted for feeding on insects 
and fruits, but some may have eaten reptile eggs. 

Plant Life: In the warm seas of the Jurassic red calcareous 
algae were common. The land plants of this period were varied 
and abundant, with forests consisting of primitive conifers, 
cycads, tree-ferns and maidenhair trees (our living Cinkgp is a 
representative of this group). The true flowering plants had not 
yet appeared, but there were, however, a few problematical 
flowering plants. 


CafiTACSoys Period 



Geclo^ and Climate: The early Cretaceous or Wealden de¬ 
posits found in southern England are a scries of clays and sands 
which accumulated as deltaic beds on the margins of swampy 
coastal plains- Clays such as the Gault Clay must have been de¬ 
posited when the sea was deeper, while the greensands accumu¬ 
lated in shallower water. Open sea invaded Norfolk, Lincoln¬ 
shire and Yorkshire from the east, and marine deposits are found 
in these areas. In Upper Cretaceous times what is known as the 
Cenomanian Transgression occurred, and most of the British 
Isles became coveted by the mainly shallow Chalk Sea. Most 
people ate familiar with the Chalk deposits, which are gcneraQy 
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white and free from detiirus, consisting aJmost wholly of calcium 
caibonate. It has been estimated that it accumulated very slowly, 
perhaps at the race of one foot in thirty thousand years, and in 
parts of Britain is one thousand feet thick. 

In America there were coal-forming swamps, and in Upper 
Cretaceous times the Rocky Mountains were pushed up and the 
sea retreated southwards. There is evidence of glaciation on 
Australian plateaux of this time, but much of the land that sur¬ 
rounded the Chalk Sea appears to have been desert. 

In spite of the iffcgularities mentioned above, the climate 
again seems to have been mild on the whole, for there is evidence 
of abundant vegetation in Greenland and North America. 

Animal Life: By Cretaceous times invertebrate evolution saw 
the arrival of nearly all the modern orders. In the seas both cal¬ 
careous and siliceous sponges were abundant. Reef corals were 
not SO numerous and were more localized than before, but soli¬ 
tary corals were quite common. Bryozoa were very abundant in 
some areas and certain Chalk horizons are largely composed of 
them. Brachiopods became less abundant and still consisted 
largely of rhynchonellids and terebratulids. Lamelllbranchs were 
very common and they assumed strange and mote massive forms; 
Gryphia became very large and B^g/ra with the curved oyster- 
like shell was abundant. One group, the Rudists, assumed a 
conical coral-like form, and even formed reefs in the Tethys 
region. Coiled ammonites were abundant in early Cretaceous 
limes, but towards the end of the period developed uncoiled and 
irregxilar shells and gradually died out; belemnites also died out. 
Both tegular and irregular sea urchins are very common especi¬ 
ally in the Chalk where they arc used as zone fossils. 

Crabs, lobsters and floating crinoids were common in the 
muddy marine beds of America, while in Europe they mainlv in- 
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habited the chalky horizons. The prcscm-day rate coelacanth 
Latimeria probably had ancestors in the Cretaaous, together 
with the coelacanth Macropoma. The coelacanths were supposed 
to be completely extinct until a remarkable member of this family 
was recently captured off Madagascar. Mosasaurs (scaled marine 
reptiles that could extend their mouths to swallow large animals 
as the snakes can) soon took the place of die ichthyosaurs of the 
Jurassic, but the plesiosaurs were still numerous. Both preyed 
on the abundant bony fishes In a manner similar to our present- 
day rays and sharks. 

Pterodactyls, with a wing-span of twenty feet or more, in¬ 
habited some coastal cliffs, since their hollow, thin-walled bones 
and general body-shape made it best for them to launch them¬ 
selves into flight from high places, The early true bird Helper- 
orftis was a powerful swimmer and diver of these times that 
caught its prey, mostly fish, with long-toothed jaws. Impressions 
of jelly-fish and resting areas of belemnites have also been found 
in Cretaceous sandstones and limestones. 

On land the dinosaurs continued to dominate life, with Tyran- 
uojMW the most terrible of fiesh-eaters, with a height of nearly 
twenty feet and a length of about forty feet, as well as six-inch 
teeth and powerful claws. Trsetratops (three-homed) and Traebo- 
Jon were among the enormous plant-eaters. Mammals were in¬ 
conspicuous and small, but primitive marsupials and insectlvores 
had appeared. At the end of the Upper Cretaceous the dinosaurs 
(as well as the ammonites and some other important inverte¬ 
brates) began to disappear in what has been called the 'great 
dying*. A change of climate may have caused this, and other pos¬ 
sible causes arc disease or the eating of reptile eggs by mammals, 
and similar competition from advanced forms of animals, 

Plant Life: Cycads, conifers and ferns were still the dominant 
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forms of plane life during the early Cretaceous. In the middle 
Cretaceous, however, the higher flowering plants or angiosperms 
began to appear, and by the end of the period the vegetation was 
essentially modern. The new flowers and fruits brought a vast 
new food supply to many animals. 


TERTIARY ERA 


Palaeogene and Eocene Periods 





Gielogf end Climate: At the end of the Cretaceous most of 
north-west Europe became land, and the Chalk deposits suflered 
considerable erosion. Subsidence then occuned again, and shal¬ 
low seas spread over tlie land from which rivers brought great 
quantities of sediment and built vast deltas until a new land sur¬ 
face was raised above sea>leveL Then the process began all over 
again, and so alternating fresh-water and marine deposits were 
laid down on the eroded surface of the Chalk. The largest marine 
transgression occurred in the Middle Eocene. Some areas sank 
more quickly than others and formed basins in whicli thicker 
deposits accumulated (such as the London and Paris Basins). 

In Scotland and Ireland, and also in the Arctic and parts of 
India, there were great outpourings of basaltic lava which cooled 
and formed vast plateaux. These basalts can be seen today in the 
Hebrides and ac the Giant*s Causeway in Antrim- The Tethys 
Sea persisted, and in late Eocene times it is thought that a strait 
connected it with the Arctic Ocean and so separated Europe 
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from Asia. Some earth movements occurred in the Tcthyan 
region, connected with the later Alpine orogeny. In America also 
there was at first much erosion of the mountains, and then shal¬ 
low seas became widespread in the centre of the continent and on 
the Pacific coast, 

The Eocene faunas suggest a tropical climate in the British 
Isles, and a connection with the warm waters of tlie Atlantic. 
Tropical and temperate conditions were far more widespread 
than at present, although glaciers covered some liigh mountain¬ 
ous areas, as in western North America, where the Rockies con¬ 
tinued to grow in height, 

Animal Life: Among the numerous invertebrates of this 
period were the nummulites of the class Foraminifera, having 
round, fiat and comparatively large calcareous shells (Plate i). The 
shells of dead nummulites built thick beds of limestone on the sea 
floor (the Great Pyramid of Gizeh in Egypt was built of nummu- 
litic limestone), and they lived in profusion in the Tcthyan ocean. 
The major part of the Eocene invertebrate fauna was almost 
modem in character. Bivalve molluscs (such as oysters, mussels 
and cockles), cowries, worms, snails and bryozoa were abundant 
both in variety of species and numbers of in^viduals, There were 
also simple corals, a few nautiloids and cuttle-fish, sea urchins and 
starfish. Crabs were the dominant crustaceans in Eocene and later 
seas. Two unusual groups of mammals also roamed the Eocene 
seas; the early whales or zeuglodonts, which were carnivorous, 
and the sea-cows [Sirenia) which fed on seaweed. Among the rep¬ 
tiles, the crocodiles and turtles were coming into their own In 
lakes and rivers, Fish, with very few exceptions, were similar to 
living forms. 

On land the toothed birds had died out, but an equally strange 
bird, the huge and flightless Diatryma, roamed about. Mammals 
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in the Eocene were at first small like the modern hedgehog. 
Gradually they grew larger, mote specialized and became domi¬ 
nant on land, with almost all the modem orders such as carni¬ 
vores, primates, etc., well represented. However, what are known 
as ‘archaic mammals^ including some strange horned types, like 
the immense VintatheriMm^ were dominant in this period. These 
and other herbivores are easily identified in the fossil form by 
their teeth, which grew into cutting folds with distinctive pat¬ 
terns for each kind. 

In many places the ancestors of the elephants, camels, rhino¬ 
ceroses, horses, cows and pigs, began to appear. All were un¬ 
specialized and much smaller than they became later. The ele¬ 
phants spread from Africa, while the horses had tlicir begin¬ 
ning in America, migrating to Europe as Hyresothemm, or 
Eo^fipuj, the dawn horse. This early horse, no bigger than a 
fox-terrier, had front feet with four toes, suited to marshy 
ground, and tiny teeth for browsing. The creodonts, or ances¬ 
tors of the modern carnivores, lived upon the plant-eaters, al¬ 
though they were even mote primitive in character, being small- 
brained and reptile-like. 

Plant Life: Floras had now acquired a very modem aspect, for 
although ferns and conifers were common, flowering plants and 
deciduous trees were dominant. Tropical forms occurred in 
southern England at this time, and temperate forms with coni¬ 
fers, vines and oaks farther north. 


Oligoceke Period 



Geology and ClimaU: ^^axme and fresh-water conditions still 
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alternated, but on the whole the seas shrank and many former 
areas of deposition became lagoons or lakes. The Oligocene in 
Great Britain is largely represented by the estuarine marl and 
limestone deposits in the Isle of Wight and the Hampshire Basin. 
Europe was connected with Asia at one stage in the period, aud 
the latter was joined to America, In the Tethys gcosyncline the 
N'ast accumulation of sediments began to be compressed into 
islands and ridges, and so the building of the ;\lps began. 

The climate still remained warm and temperate, although some 
continental areas were showing signs of cooler conditions foi the 
distribution of animals and plants needing mild winters became 
more restricted. 

Animal Ufa The larger foraminifers, including NummuliUs^A 
Lepido^'cUna^ still Hourished in the open seas, while corals and 
sponges took part in the building ^ reefs in tropical senes. 
Echinoids continued to be abundant, and the itregular form 
Cipptajttr became more common. Crabs artd barnacles (especially 
BaJemus concaims) were also much in evidence, and many thousarids 
of bivalve sea shells, principally scallops, have been collected 
from lace Oligocene deposits. 

In the Baltic region of Germany, and a few places in America, 
pine resin hardened to imprison many thousands of Oligocene 
insects, showing that most of the modern orders were then 
present. Fossilised remains of termites have been found in fresh¬ 
water beds, and land and fresh-water snails spread widely. 

The mammals were now becoming very modern in appearance 
and included the bats. Elephants were small, with short trunks 
and with tusks short also, but present in both upper and lower 
jaws, Primitive horses such as Mesosbippus were hardly any 
larger than sheep, but the teeth were becoming modified for 
grazing. Most hoofed mammals were forest browsers because 
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grasslands had only just begun to appear. Palaeothemm^ an odd 
member of the horse femily which resembled a tapir, lived in 
north-west Europe at the beginning of the Oligocene, and in 
America the queer titanotheies soon reached gigantic size and 
then became completely extinct. Ocher animals such as camels, 
deer and pig-like forms grew in size. 

Plant Life: In parts of Europe, swamps supported forests 
which later formed deposits of brown coal, but on the whole 
forests were dwindling. There were, however, widespread red¬ 
woods in Greenland, Alaska and Asia. Palms and other forms 
flourished round the Tethys in sub-tropical conditions, and 
grasslands were inaeasing to support the numerous herbivores 


MiocEKB Period 





Geclo^ and Climate: No Miocene deposits are known in Great 
Bntain. which during this period was a land area undergoing 
erosion and suffering from some earth movements which were 
related to the Alpine orogeny. Indeed, the main events of this 
period were the building of Ac Alps and the Himalayas by the 
folding and thrusting of the Tcthyan deposits. This was accom¬ 
panied by much volcanic activity and increased erosion due to 
increased rainfall. The TeAys Sea shrank m size, and survives as 
the present Mediterranean, and at times the North Sea was con¬ 
nected CO Ac Atlantic- Asia now finally became joined to Europe, 
and in north-west America there were great volcanic fissure 
eruptions and vast lava plateaux were formed. 
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During the Miocene the climate became more temperate and 
tropical forms retreated southwards. 

Animal Ufe: In the seas Nummulites had died out but other 
large foraminifera like Lepidc^lina still flourished, together with 
the algae, lamellibranchs, gastropods and biyozoa. Sea urchins 
included the heart-shaped SebneasUr and also C/ypeasfer, and they 
spread through the warm seas and became quite abundant and 
diversified; Mrerasetr^ however, appeared for the last time in the 
Miocene. The nautilus Atnrh attained universal distribution be¬ 
fore it became extinct at the end of the period. Radiolaria and 
diatoms also formed extensive deposits. 

Bony fishes continued in abundance and variety of forms, and 
sharks also increased in number, with a species of Careharedon 
approaching a length of sixty feet. The air was filled with most 
forms of insect life, Flightless birds reached great size and be¬ 
came fierce carnivores in South America and cliewhete, while 
primitive penguins, including one species as tall as a man, lived 
in Antarctica, 

Miocene horses had smaller toes, and teeth with higher crowns 
than earlier forms, and so were better adapted to the new grass¬ 
lands. Also the first antlered deer, the first ape and the first homed 
rhinoceros ate found in the Miocene, and ancestors of the ele¬ 
phants suddenly appeared in Europe, and later spread to North 
America, The small sabre-toothed tiger, leopard and lion cats, 
beat and the ancestral dog were among the common carnivores. 

Plant Ujv Swamp cypress, oak, maple, hickory and redwood 
were common trees in North America, and the forests were still 
mote reduced in size as the grasslands inctcased. 
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Pliocene Period 





Gtoh^ and Climatt: Ac the end of the Miocene earth move¬ 
ments and mountain building occurred in the Alps, Jutas and 
Carpathians; associated block*faulting and subsidence also 
occurred, and some land disappeared below the sea, giving the 
northern continents the geographical outline which diifeted 
little from that seen today. The Black Sea and the Caspian Sea 
are survivors of a larger Miocene land-locked sea, and subsidence 
in north-west Europe gave rise to the present North Sea which 
formeriy had covered mucli of East Anglia and the London 
Basin. The Rhine delta, of which the Thames seems to have been 
a tributary, then built out into the south-western pate of the 
North Sea, There was some volcanic activity in central France. 

Qimatic conditions were not very diffeient from those of to¬ 
day, but towards the end of the period the climate became cooler. 

Animal Lijt: The invertebrate life was very similar to that of 
today, though there were some warm water types, now exdnct, 
and in the shallows of the North Sea bryozoan reefs formed. 
Fresh-water molluscs were abundant, and in south-western 
Europe the snails of the genus Vwipmts evolved highly ornate 
and varied shells. The giant shark Careharodon still irjiabited the 
seas, as did the toothed whale Balatnodcn. 

Among the mammals the elephants were mote numerous and 
widespread than in any other period, some attaining enormous 
size- In Europe apes and man-apes had spread widely, some now 
leaving the forests to hunt animals in the savannahs. The horse 
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Hipparion now hid feet in which only the cenual toe touched the 
ground, its two side toes haTuig become functionless. Herds of 
these wild horses abounded in the grasslands. Giant buffaloes, 
huge ground sloths, wolves and larger sabre-toothed tigecs ap¬ 
peared in this period, and bears also reached a large size. 

Plani Life: There was a general retreat of mtich plant life to 
the south as the period got colder. In America, for example, the 
$e<^uoia moved down from the mountains and the north to the 
coast of California. The dora of Europe contained many species 
now confined to Asia and North America, and the maidenhair 
tree Ginkg> survived in Germany until the end of the period and 
then disappeared from Europe. 


QUATERNARY ERA 


Pleistocene Peeiod 



Geology and Climate: The Quaternary is divided into the Pleis¬ 
tocene, which includes the Great Ice Age, and the Holocene or 
Post-glacial period in which we are now living. The Pleistocene 
is called the Great Ice Age because, with the general cooling of 
the climate much of northern Europe and North Acoerica be¬ 
came covered by great ice sheets. At various times, however, 
conditions became warmer, and (he Ice would retreat to mark 
what is known as an interglacial period. The Pleistocene can be 
divided into four main glacial periods and three interglacial 
periods. The most extensive glaciation of the British Isles prob- 
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ably occurred during the second gladaJ period, and its extent Is 
shown in Figure 82. 

The chief centres of ice dispersion in north-western Europe 
were Scandinavia, the Highlands and Southern Uplands of 
Scotland, the Lake Disciict, Wales and north-western Ireland. 
The Scandinavian ice sheet was the largest of these, and it occu¬ 
pied most of the North Sea during the Pleistocene. 

During the glacial periods the sea-level was lower and Great 
Britain was joined to the mainland of Europe; during inter¬ 
glacial periods, however, when the ice melted and added to the 
volume of the sea. its level rose until it was higher than that of the 
present day. These fluctuations of sea-level are indicated by the 
drowned valleys, submerged forests and raised beaches that one 
can now see around parts of the British coast. Also, the great 
weights of ice on Europe and Nonh America caused the land 
masses to be pressed down; when the ice melted the land began 
to rise slowly once more, and in Scandinavia this recovery still 
continues. 

The ice sheets were fringed by a belt of tundra with sparse 
vegetation, and in summer the streams from the melting ice 
would deposit vast quantities of clay and sand. Also, when the 
ice retreated it left its load of boulders, day and gravel as moraine, 
boulder clay deposits and dnimlins, often forming a very uneven 
topography. 

The Alps were covered by a separate ice cap, but here also four 
distinct periods of gladation can be determined. The greatest 
area of Pleistocene glaciation was that in North America, where 
there were three main centres of ice dispersal; all Canada, the 
Northern States and the mountainous region? were ice covered. 

Animal Life: Most Pleistocene marine invertebrates were 
identical with living spedes, but had a different distribution. In 
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the eail7 Pleistocene, more arctic types of moll\isca in tiw 
country indicated the approach of glacial conditions, a.nd colder 
water invcrcebiaces such as certain species of foraminifeta were 
more widespread and occurred ferthcr south. Fresh-waiei mol¬ 
luscs were fairly abundant, and during imcrglacials the more 
southerly forms of today lived in the waters of Britain. How¬ 
ever, the onset of adverse conditions caused stunted growth of 
many species. All in all, land and fresh-water invertebrates were 
similar to modem forms though were not so abundant oc 
diversified. 

Birds were of modem type, but there were peculiar species 
such as the Great Auk, now extinct, and the flightless Moa of 
New Zealand. Of the land mammals, most of the present species 
were in existence during the Pleistocene, but had a different 
distribution- Indeed, there ate very complex records of life in 
some districts, as the climatic changes led to many migrations. 
Most land animals were driven south during the glaciations, and 
during the last glaciation, reindeer, arctic fox and steppe mar¬ 
mots came down as far as southern England. During the incet- 
glacials, however, hippopotamuses lived along the Tliames, and 
lions and hyenas roamed farther north. Various types of true ele¬ 
phants and true horses were quite common, and oxen appeared 
in Asia. Some animals, such as the woolly rhinoceros, woolly 
mammoth and cave bear became adapted to living on or near the 
ice; these animals have now been extinct for some thousands of 
years, and other animals to die before the end of the Pleistocene 
were the sabre-toothed tiger and the giant sloth. 

nn fing the Pleistocene, Palaeolithic man spread quite widely 
over the Old World, and primitive implements are found in river 
gravels, and wall paintings and drawings occur in caves in Africa, 
Asia and Europe. Skeletal remains are rare, however, and the 
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evolutionary record incomplete, but late Pleistocene tnea were 
of a modem type. 

Plant UJy Plants were essentially the same as ai present but 
the oncoming of glacial periods forced most species fer to the 
south, with an occasional northward migration whenever condi¬ 
tions permitted. 


Holocene Peeiod 

The Holocene period began about 8,eoo b.c. after the ftnal 
retreat of the ice, and is marked partly by the growth of forests 
over formerly glaciated areas. Pollen grain study has shown that 
a succession of trees were dominant as the climate changed pro¬ 
gressively. The sea-level rose gradually, and Great Britain be¬ 
came cut oiF from the continent of Europe at approximately 
6,000 B.c. Gimates became warmer and more like those of the 
present day, and the civiliaation of man progressed steadily. 
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How to Collect Fossils and Where to Look 

Knowing where to look for fossils is the most important pare 
of the game. You need to recognize the common sedimentary 
rocks on sight, as these aie the rocks likely to contain fossils. 

Mines and quarries ate good places to collea in, for usually 
there are large areas of rock exposed, sevetai horizons have been 
cut through and their spoil-heaps often provide a lot of well- 
weathered material. Kailway cuttings and embankments are also 
good collecting grounds in some areas, for here, too, a good 
range of weathered-out fossils may be obtained. It is very impor¬ 
tant, however, before collecting from these and other privately 
owned land, to obtain permission from the owner or authority 
concerned- You may run into danger if you do not, as the quarry 
or cutting may not be safe. Road cuttings, cliffs, screes, stream 
and river sections are also good, and one should look out for new 
land excavations. 

If one ccUccts from screes and spoil-heaps, the fossils obtained 
may be from several different horizons. If possible, it is therefore 
advisable to look for fossils in situ in undisturbed rock, for this 
is the only way of knowing to which horizon or fauna the various 
fossils bdong. One suggested method of collecting is to collea 
along a horizontal plane, starting at the bottom of the slope or 
exposure, and labelling the fossils you collea there as coming 
from one particular horizon. One then moves on to the higher 

IOC 



How to ColUft Fossils and When to Look 

beds» measaimg tl»e foouge as bfeaks in the (otwAtlon ocmiy and 
makiog sepaiate coUecdons £rom each division, labelling them 
carefully and precisely, $o that afterwards, each fauna can be 
accuiatdy detcnniacd. By these incana a chronology or time 
scale for the entire outcrop may be established if there is sufheient 
material. 

Tlic best rocks in this country for both numbers of specimens 
and case of collection are the Mcsoaoic and Tertiary limestones 
and clays. Many Palaeozoic horizons are excellent abo, especially 
some ^ the Silurian and Carboniferous limestones and shales. 
Non-marine deposits do not contain good fossils u a rule, apart 
from the exceptional horizons which have reptile, mammal and 
plant remains. 

A good idea is to visit youc local or regional museum ot tini- 
veisity, and one of the resident staff might sug^l good collea- 
ing lo^ities. Ac the same you should examine the museum’s 
collections and pardcuiarly note the fossil faunas and the rock 
types of your area. Specimens on display might also suggest good 
collecting localities. Later you can compare your specimens with 
theirs. 


Use/ut Shipment to take when Colkfting 

(i) Topographical Maps. These will show you the ground 
contours, will ^cn mark quarry and mine sites and will generally 
enable you to pinpoint your localities more accurately and give 
them a grid reference. Os 6 nanct Survey one-inch maps should be 
adequate for this, and can be obtained from most large book¬ 
shops. There is a key sheet for you to find the number of the map 
you require, and if they arc not in stock they can always be 
ordered. 
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(2) A Geological Guide to the area you ate mtcrcsted in will 
be very useful The Geological Survey regional guides usually 
contain illustrations of common fossils, mention fossiliferous 
horizons and give a general account of the geology of the area. 
They may be obtained from the Geological Survey Museum, 
London, S.W.7 and from H.M, Stationery Offices. 

(3) Tools. A geological hammer and a chisel are essential, al¬ 
though any medium-sized hammer would do as a temporary 
makeshift. Qiisels of various widths can be obtained from any 
toolshop, but geological hammers are more difficult to come by. 
Cutrock Engineering Co. Ltd., 3$ Ballards Lane, London, N.3, 
produce geological hammers racking from i lb. to 4 lb. in weight. 
For general purposes the i-lb. one is recommended, but the 
smaller ones are useful for extracting and trimming more delicate 
specimens. A hand lens is also very useful for the examination of 
small spedmetu. 

(4) Paper or cloth bags of various siaes ate most important for 
carrying the collections you make. Goth bags are preferable and 
can easily be made from old scraps of material, with a draw¬ 
string around the top. Be sure to have a small note-pad and pencil 
with you so that you can put a label in with each bag of fossils. 
The label should state the exaa locality with grid reference if 
possible, the exact horizon and a reference number (which should 
tic up with any notes you may have made in the field). News¬ 
papers and very large bags should be taken for extra large speci¬ 
mens which need careful haruiling. Cotton-wool, Kleenex tissues 
and a few small boxes will also be useful for small fragile speci- 
mer^s, which should be wrapped and packed individually and 
carefully while still in the field. 

(5) A rucksack with numerous pockets and compartments is 
useful as the fossils can be separated and packed more easily $0 
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that the la^e heavy spcdcnena do not break the more fragile 
ones. 


Going into the Fttld 

Now armed with coUcaing e^pmeni and with some idea of 
the local geology, you can collect wherever there are suitable 
exposures of limestone, sandstone or shale. Different rocks 
require different techniques for the extraction of the fossils they 
contain. For instance, while collecting in soft shales it is advisable 
to clear away the top weathered material and then split off layers 
by hammering or chiselling along the bedding planes. Good 
slabs of fossils may be obtained in this way. In compact thickly 
bedded sandstones and limestones, howevCT, often the only way 
to obtain fossils is to hammer off larger pieces of rock at right 
angles to the bedding, hoping that the rock wiU break away from 
the fossils. These pieces can then be fonher broken down by 
hammeiing. 

Good fossils may be found in slate, but often the preservauon 
IS poor and idcntiScaiion made difficult by distortion. Fossils in 
quattaite may also be deformed, and in many sandstones only a 
mould of the fossil may remain. The best specimens are generally 
those that weather free ftom a shale bed or limestone. 


Home Preparation and Display op Fossils 

From the field you can bring home la^ pieces of fossilifcrous 
lock or untrimmed spedmeas; these can then be broken up and 
carefully examined at your Idsure. The removal of fossils from 
their matrix is a great art, and several different techniques are 
required. For large or robust spedmeos in a hard rock, compact 
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limestone, fbc example, hammer and chisel are needed for extrac¬ 
tion, or even a small electric rotary drill, Trimming can then be 
done with a smaller hammer or a pointed needle which should be 
stuck in a wooden handle for ease of use. If the work is delicate it 
should be done under a binocular microscope or a magnifying 
glass, and if a large piece of rock contains several specimens 
which cannot be extracted, these can be ringed with ink or pencil 
for fjrther examination. 

To extract small fossils such as osrracods or foraminifera from 
clays, the rock can be broken into small pieces and boiled up in 
a water-filled vessel. The resultant sludge is then sieved in a fine- 
meshed sieve, or continuously decanted until only a coarser resi¬ 
due remains. The fossils can then be gently lifted out on the end 
of a moistened paint brush. 

If the fossils are chitinous or phosphatic then weak acetic acid 
can be used to break away the matrix. In a few limestones tlie 
fossils have been silidfied (calcified specimens can be easilv 
scratched with a penknife, and silidfied ones cannot as they are 
harder; on no account must calcified spedmens be placed in acid, 
as their surface detail is soon destroyed), and these also can be 
dissolved out by immersion in dilute (15 per cent) acetic acid, pre¬ 
ferably in a glass container. Be sure to first label the container 
with full details of the specimen. If possible the specimens should 
be lowered into the add on a removable tray or basket to reduce 
chance of damage during removal. The add should be renewed 
after forty-eight hours or so, and the specimens occasionally 
washed to remove loose sediment. When all the matrix has been 
dissolved away the fossils should be carefully washed and left to 
dry. 

Extracted or weathered fossils and rock specimens should be 
deaned as far as possible before being incorporated in a collcc- 
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tion. Laig€ wcU-piescr7«d specimens may be scrubbed in water 
with a stiH brush, and a wire brush is often useful fox removing 
vegetation ox for cleaning pyxidzed and some sQidficd specimens. 
For more fragile fossils toothbrushes of various hardnesses arc 
very useful. Some fossils, especially those in shale, will crumble if 
placed in water, and these should be carefully ‘dry-cleaned* with a 
brush or instrument. 

If while collecting or cleaning a fossil it should break, it is 
often possible to glue it together again successfully with a good 
strong gum. Fragile specimens may be varnished or strengthened 
by soaking in a gelatine or resinous solution and drying, or bv 
application of the solution with a brush. If there is merely a 
cavity in the rock where the fossil has been dissolved away, a cast 
of the original fossil may be obtained by pouring or pressing 
melted polyvinyl chloride, or plasticene into the cavity. 

Sometimes it is necessary to photograph fossils, either for 
study purposes or for a permanent record. Often the best results 
are obtained If the fossils are coated with a thin white him of 
ammonium chloride or magnesium oxide; these give a uniform 
surface and bring out the detail. The coating should be washed od* 
after the photograph has been taken. The ammonium chloride is 
heated in a tube wUch has a bulb near one end, and is then gently 
blown over the fossil. The easiest way to obtain a coating of 
magnesium oxide is to light a piece of magnesium dbboa and 
carefully hold the fossil above smoke. Practice is needed to 
get a good even coating. 

If one wants to study the internal features of fossils such as 
brachiopods or corals, scnal secdons and cellulose peels are use¬ 
ful. The specimen should be mounted in a plaster block in an 
uptight position, and then gradually ground away, a fiacdon at a 
time, either on a grinding machine or cnanually on i gnnding 
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place. As the internal features appear (if cellulose peels are not to 
be taken, the structures of calcite spedmeos show up better if the 
fossil is heated to red heat and allowed to cool before mounting) 
they can be drawn or photographed at regular, measured and 
noted intervals, or be recorded on cellulose peels. These are 
made by etching the ground surface with dilute hydrochloric 
add for a number of seconds, pouring acetone on the sui^ce and 
then quickly pressing down a piece of celluloid or xylonite. This 
is attacked by the acetone and records the minutely detailed 
structure of the shell; it is left to dry for five to fifteen minutes on 
the fossil, then removed and mounted between two glass slides 
for examination under a microscope. 

You have now collected your material, deaned it to all intent, 
and arc ready to sort it out in preparation to identifying it 
and incorporating it in your collection. During field collecting, 
and even when deaning the spedmens, some will look alike, and 
it is best to sort them all out in cardboard trays so that identifica¬ 
tion can be made first by phyla, then by class and order, and fin¬ 
ally, if possible, by family, genera and spedcs. La^c flat boxes 
or lids make good sorting trays, and once the bulk of the collec¬ 
tion has been sorted, the various genera can be placed in smaller 
boxes. 

For displaying or storing your collection you will need a large 
number of boxes of all shapes and sixes- These can be made to 
look tidier and more uniform if you cover them with coloured 
or plain gummed paper, The more fragile specimens can be 
placed in glass-covered trays, perhaps divided into smaller com- 
paronents. You will also need a number of labels, preferably of a 
fairly uniform design, and preferably of stout paper or thin catd. 
A label should be induded in each box, giving the name of the 
fossil, the system and horixon from which it was collected, a de- 
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uiied localicjr 2nd i cacUogue number. The number can be wnt- 
ten on the fossil in black ink on a small patch of white enamel 
paint. Care should be taken to paint on an unimportant part of 
the specimen. The locality should, if possible, include an Ord* 
nance Survey grid reference, which you can work out from an 
Ordnance Survey one-inch map. 

Many colleaors catalogue their specimens either in a large 
book or by an index card file. Each specimen then has a numbered 


c<p4itA (Uaarck). 

eoMUiiv* (MtUa). 

SvMMvm % alUa ».V. of OrfoM, 

svfr«u. o.s. e?ia iwr. 

Cat. Ito. PI.397. 


Fig. 8). A specimen label 

card with all the relevant information written on It. If publica¬ 
tions have been consulted during identification, the title, author, 
date of publication, page and illustration numbers for each refer¬ 
ence may be added to the card. The cards can then be grouped 
and numbered either by phyla or by sttatigraphical systems. 

(Note: Rare or problematical specimens only may be sent for 
comment or identification to either the Department of Palae¬ 
ontology, British Museum (Natural History), Cromwell Road, 
London, S.W.7, or to the Geological Museum, Exhibition 
Road, London, S.W.7. It 1 $ useless to send specimens if you can¬ 
not give their exact horizon and locality.) 
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Collecting Localities 

In the BritiBh Isles, fossil collectors arc very fortunate to have 
almost every post-Pie-Carabtian formation exposed and easily 
accessible within such a comparatively small area. Knowing 
where to coliect is the key to successful collecting, and the fol¬ 
lowing section gives an outline of the fossiliferous hotiaons to be 
found in each county. It is not possible to give numerous detailed 
localities in a list of this size, and supplementary information may 
be obt^ed from books on local geology and from the Palaeonto- 
graphical Society’s book, Dirtdcry oj British Fossilifirous Locals 
tits. Unfortunately this book is now out of print, but you may be 
able to borrow a library copy. 


ENGLAND 

BEDPORDSHtRE: The whole of Bedfordshire is underlain by- 
Mesozoic rocks, but there arc few accessible localities. Good 
Cretaceous faunas of ammonites, lamellibranchs, gastropods, 
brachiopods, echinoids, etc., can be collected from several pits 
and quarries near Leighton Buzzard. 

Berkshire: Several Mesozoic and Tertiary horizons outcrop in 
this county- Jurassic ammonites, brachiopods, iamellibtanchs, 
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CoUtcting LouiUHts 

echinoid$> etc., cas be found in several places Including Marcham, 
Cumnor and Cothill. At Farii^don are the highly fossiliferous 
Cretaceous sponge-gravels, with abundant sponges, beyozoa, 
brachiopods, echinoids and lameilibranchs. 

BuCKiNGKAUSHias: In this county also there are many out¬ 
crops of Mesozoic and Tertiary rocks, but comparatively few 
good fossil localities. However, many Jurassic fossils can be col¬ 
lected near Aylesbury, Boarstall, Westcott and Chamdon, and 
in pits at Marlow and Latimer good Cretaceous Upper Chalk 
faunas occur, with ammonites, echinoids, sponges, etc. 

CAUBEiDGSSKiafi: At Elsworth and Wicken there are a few 
Jurassic fossiliferous rocks exposed in pits and stream sections. 
The Upper Chalk is exposed at Wood Dittorr and Weston Col¬ 
ville near Newmarket, and echinoids, ammonites, gastropods, 
etc., can be collected. 

Cheshire: This county has few localities. Near Astbury and 
Dukinheld, goniatites, brachiopods, nautiloids, fish, etc., can be 
found in Carboniferous Coal Measures, and at Neston, non- 
marine lameilibranchs of the same age can be collected from old 
colliery tips. The only other localities are In the Triassic sand¬ 
stones of the Wirral, at Higher Bebbington and Thufstaston, 
where saurian footprints and plant remains are exposed from 
time to time. 

Cornwall: The Devonian and Oxboniferous rocks of Corn¬ 
wall are not very fossiliferous. At Bude, fish and arthropods have 
been found in nodules in the Carboniferous Culm Measures ex¬ 
posed in the clitfs. At Crackington Haven goniatites and lamelli- 
braochs can be found in coast sections of the Oilm. 
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Collecting Localities 

Cumberland: Many fossilifcrous localities occur in this county, 
largely ia Palaeozoic rocks, Ordovician slates with graptolices 
and occasional crustaceans outcrop at Bassenthwaite Halls near 
Cockermouth, and also at several localities near Keswick. There 
are many richly fossiliferous exposures of Carboniferous Lime¬ 
stone in quarries and sections near Cleator, Frizington, Hensiag- 
ham, Kirkland and several other places, where the usual fauna 
of corals, brachiopods, lamellibianchs, trilobites and occasional 
fish teeth can be found, At Bigrigg, goniatites, lamellibianchs, 
corals and giant pioductids (brachiopods) can be found in the 
spoil heaps of old open-cast workings. 

Derbyshire: Carboniferous fossils are very common locally, 
and good localities occur neat Castleton and at the base of Mam 
Tor, river sections near Edalc, and at Bradwell, Matlock, Thorpe, 
Stony Middleton and numerous other places. Goruatite$, corals 
and brachiopods are especially abun^t, Goniatites are also 
found in exposures of Millstone Grit at Bamford, Castleton, 
Burbage and Hope. Pleistocene deposits with flint implements 
and rmmmal bones have been found in caves near Creswell, 

Devonshire: Many fossiliferous localities can be found in this 
county. Faunas of Devonian corals, brachiopods, molluscs, 
crinoids, etc., can be found along the coast and in quarries at 
Combe Martin, Braunton, Croyde, Fremington, Lynton, etc., 
and the best coral localities occur near Torquay. Lower Carboni¬ 
ferous plants, fish remains, corals and brachiopods can be found 
near Bideford, Bishop’s Tawton, Westieigh and Preciungton. 
Abimdant Cretaceous fossils including echinoids, brachiopods, 
biyozoa, etc., can be collected near Branscombe, Seaton, Wil¬ 
mington, Beer and many other places, 
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Dorset: This county is also rich in fossil localities, especially 
along its coastline. Abundant Juiassic fossils of most kinds can 
be collected along the coast between Lyme Regis and Bodporc, 
and also farther east at Abbotsbury, Chmington, Worth Matca- 
vers and Swanage. Other good localities occur around Beamin* 
ster and Sherborne. Many Cretaceous ammonites, echinoids and 
lamellibranchs can be found at Bincombe, Charmouth, Lulworth 
Cove, Swanage and elsewhere. At Southwell near Portland, 
Pleistocene marine shells and land snails are found associated 
with a raised beach. 

DuRKAu: Durham is underlain largely by Carboniforous and 
Permo-Trias. The Carboniferous Coal Measures yield non¬ 
marine lamellibranchs, including Antbratwtatta and Carbwiedat 
and plants such as Niuropitris, at Durham, Castletown and Offer- 
ton, where exposures are largely in river scctiorss. Permian lime¬ 
stones are exposed at several places around Sunderland and Mars- 
den, and reef faunas (often dwarfed) of brachiopods (productids 
and spirifers), molluscs, nautiloids and fish can be found. 

Essex: The Cretaceous outcrops b the north of the county, and 
Chalk fossils such as beiemnites, echinoids arid conoids can be 
found at Great Chesteiford and Ballingdon near Sudbury. Ihe 
Tertiary and Quaternary rocks which cover the rest of the county 
are exposed in coastal sections near Walmn-on-the-Naze, where 
the Red Crag yields gastropods, lamellibcanchs and derived fos¬ 
sils such as bones and sharks* teeth. 

Gloucestershire: Tlus county is very rich in fossilifeious 
localities, especially perhaps in the Cots wolds regions. Near 
Halmore and Mobley, small brachiopods, and trilobite fragments 
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can be found in exposures of Tremadocian rock. Fossiliferous 
Silurian rocks outcrop near Purton, Woodford and Whitfield, 
where quite large numbers of brachiopods, trilobites and occa¬ 
sional corals and ostracods may be found. 

The Carboniferous Limestone is exposed in the Mendips and 
Bristol area, and the usual fauna of brachiopods, corals, gastro¬ 
pods, goniatites, algae, etc., may be collected near Quipping Sod* 
bury, Wick, Tytherington, Henbury, Shlrehampton, and many 
other places. Coal Measure plants can be found in workings near 
Warmley, and Upper Old Ked Sandstone fish fragments in an old 
quarry near Stoke Bishop. At Wesrbury-on-Sevem the Rl^actic 
Bone Bed and overlying shales are exposed, and £$h teeth, bone 
fragments, lamellibianchs and ostracods occur. Innumerable 
Jurassic fossiliferous localities may be found in the Cotswolds, 
near Birdlip, Bishop’s Qeeve, Burleigh, Qielcenham, Haresheld, 
Painswick, Rodborough and Upper Slaughter to mention but a 
few areas. There are vast numbers of the usual shelly fossils, 
especially brachiopods (ihynchonellids and terebramli^), corals 
and lamellibranchs, and also occasional reptile remains. 

Hampshire: This county is underlain largely by Cretaceous, 
Eocene and Oligocene rocks. Cretaceous rocks are exposed in 
road sections and pits near Blackmoor, Chawton, Kingsdere, 
Odiham and Winchester; Chalk sea urchins, lamellibranchs, 
ciinoids, brachiopods and bdemnites ate common. CM sections 
are usuaUy good, for example, neat Barton-on-Sea, where very 
many fossils can be collected from the Eocene Barton Beds. 
Eocene plants, forams, gastropods and lamellibranchs may also 
be found neat Southboumc, Lee-on-Solcnt, Faieham, Bourne¬ 
mouth and Basingstoke. On the coast at Milford-on-Sca, Oligo¬ 
cene plants, shells and vertebrate remains occur. 
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Colkclijig Lixalitits 

Herefordshire: This county hss sereral good Silutiac 
localities, and at Downton'On'thc*Rock a number of horizons 
are exposed in a river section where many btachiopods may be 
collected. At Fownhope, Leintwardine, Mochoee, MordiF^rd^ 
Nash and Woolhope, Silurian limestones and shales often yield 
rich fiuoas of corals, trilobiies, brachiopods, crinoids, etc., and 
at Petton, Kington, Sucklcy and several other localities. Upper 
Silurian plant and fish remains, and rare molluscs and ostiacods 
are found. A few fish remains have been found also In Devonian 
sandstones near Qodock, Kencchurch and Newton. 

Hertfordshire: There ate not a great number of good local!* 
ties. Numerous Chalk pits yielding the usual faunas can be found, 
and in a few pits around Hiechin rare ammonoid faunas can be 
collected from the Chalk Rock. 

Huntihodokshire: This county is underlain lately by Juras* 
lie rocks, but there axe few good localities. At Carboys the 
Oxford Clay (Jurassic) is exposed in a day pit, and abundant 
pyritized ammonites, gastropods, lamellibranchs, btachiopods, 
etc., can be collected. 

Isle of Man: Several good Carboniferous limestone expo¬ 
sures occur at Balladoolc, Ballasalla, Castletown andDerbyhaven 
(nearly ail coastal exposures^ and abundant corals, bryozoa, 
brachiopods, molluscs, cxinoids and plants can usually be collec¬ 
ted. 

Isle of Wight: The Isle of Wight has excellent coast sections 
of Tertiary and Qetaceous rocks. At Bonchurch, Bdghstone, the 
cliffs of the Freshwater area. Niton, Sandown, ShaiJdin and 
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Alum Bay, good Cretaceous faunas of ammonites, sea urchins, 
molluscs and plants can be collected. In WhitecUfFBay and Alum 
Bay are the finest Tertiary sections in England, with many 
Eocene and Oligocene horizons exposed, and yielding large 
faunas of lamelJibranchs, fbrams, corals, bryozoa and fresh-water 
shells. At Cowes, Totknd, Yarmouth and Freshwater, Oligocene 
and Eocene exposures yield rich faunas, including insects, foram- 
inifers, fresh-water gastropods, etc. 

Kent: Some coastal sections arc quite fossiliferous- Ac Folke¬ 
stone, St- Margaret’s Bay, Walmcr, Margate and Ramsgate, 
several Cretaceous horizons yield Chalk and Gault faunas, and 
Pleistocene non-marine shells have been found on the clilT-tops 
at Folkestone. Other good Cretaceous localities occur at Cliffe, 
Ditton, Ightham, Maidstone, Postlmg, Sictingbouene, Swans- 
combe and Tilmanscone and several pits in the Medway Valley. 
At Abbey Wood, Eocene gastropods, lamellibtanchs and mam¬ 
mal, reptile and fish remains may be collected, and also at High 
Halstow, Minster in Sheppey, Upnor, Newington, Ramsgate and 
Heme Bay. Pleistocene bones and artifacts occur in gravel pits at 
Swanscombe. 

Lancashire: Most fossiliferous localities in this county ate of 
Carboniferous age, but at Ashgill Beck near Coniston, many 
Ordovician trilobitcs may be collected. The usual shelly Carboni¬ 
ferous Limestone fossils can be found in quarries and clifis near 
and around Clitheroc, Dalton-ia-Fumess, Grange and Stainton, 
and Millstone Grit goniatifes in river sections near Wiswell and 
Samiesbury. Coal Measure non-marine shells, goniatites and 
plants occur in workings and sections neat Wigan, Upholland 
and Whiston. Permian lamcUibranchs occur in a stream section 
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near Bisphani, and Triassic plants and foocpdnts occur in sand¬ 
stones in small quarries and exposures in around Liverpool 
and also at Lynun. 

L£icestershi9.£: Carboniferous LifXKScone biacluopods and 
corals can be collected In quarries at Worthington and Breedon- 
on-the-HlU, and Lover Jurassic faunas of ammonites, brachio- 
pods, lamellibianchs, corals, etc., from quarries and cuttings near 
Braunstof^ Old Dalby, Scalfbrd, Sprozton and Waltham-on*the* 
Wolds. 

Lincolnshire: This county is very good for Mesozoic fossils, 
and abundant Jurassic fossils can 1 m collected from numerous 
quarries. Some of the best localities indxide chose neat Ancaster, 
Appleby, Bracebridge, Castle Byiham, Denton, Greccvcll, Scun- 
tlioxpe, Sleaford and Scickney, where the usual ammonites, 
brachiopods, lameilibranchs, corals, etc., are abundant. Chalk sea 
urchins, brachiopods, belemmces,etc., and Gault brachiopods and 
rare ammonites can be found at South Fettiby, and at Hectletoo, 
fully abundant Lover Cretaceous ammonites, lameilibranchs, 
etc., can be collected in old workings. At Broughton, a Holocene 
tufa contains numerous non-marine moUusca. 

London and Middlesex: This area oSta little to the fossil 
collector, and the only good localiries now are the pits at Hare* 
held and at Chariton, at both of which places Lower Tertiary 
faunas may be found. 

Monhoutkshirb: This county is largely unH^flair^ hy Old 
Red Sandstone and Gid»oniferous, and has few fossilifecous 
localities of note. The odd Coal Measure fossils can be found in 


Collecting Localities 

the vaJlcys of the north-western pan of the county, and Upper 
Silurian rocks outcrop in the Usk iiJicr. At Bishopston, near 
Newport, lamellibran^s can be collected from Rhactic shales. 

Norfolk: Rich Cretaceous faunas can be collected from several 
Chalk pits in and around Norwich, cuttings near Swaffham and 
beach exposures neat Trimingham and Old Hunstanton. At 
Bramerton, Pleistocene marine molluscs, and at West Runton 
Early Pleistocene mammal remains and plant seeds and fruit may 
be found. 

Northamptonshire: The fossils to be collected in this county 
are mostly of Lower and Middle Jurassic age. Large numbers of 
brachiopods, ammonites, lamellibranchs, gastropods and occa¬ 
sional belemnltes can be found in pits and quarries near Brix- 
worth, Collywescon, Desborough, Geddington, Great Weldon, 
Gretton, Kettering, King’s Sutton, Thrapston and several other 
places. 

Northumberland: This county has many Carboniferous 
localities. The usual faunas of shelly Carboniferous Limestone 
can be colleaed along coast sections near Hamburgh, Beadnall, 
Bcrwick-on-Twecd, Howick and Scremerston, and from quarries 
and streams near Hattbum, Hepple, Rotbbuiy and numerous 
other places. Coa] Measure non-marine shells can be found on 
the coast near Hartley and in Whitley Bay. 

Nottinokamshirb; There are not many good fossiliferous 
localities in this county. Rhactic lamellibranchs may be collected 
near Bunny and in a clay pit at Cropwell Bishop. Lower Jurassic 
ammonites and occasional reptiles and Esh have been found In 
quarries at Bamstone. 
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Oxfordshire: There are many good hteozoic localities. Quite 
a large number of quarries in the Oxford area yield laj^e Upper 
Jurassic founas of ammonites, oyaters, biachiopods, corals, gas¬ 
tropods and occasional bones, for instance at B«kley, Islip, Kirt- 
lington and Littlemore. Many Jurassic fossils can be found 
in quarries at Ardlcy, Bladon, Chipping Norton, Hook Norton, 
Saisden and Whitney. Crciaccotis exposures at Culhtm and at 
Emmer Green near Reading yield echinoids, ammonites, etc. 

Rutland: This small county has few localities, but Jurassic 
limellibranchs, brachiopods, corals and gastropods may be col¬ 
lected from quarries near Qipsham and Ketton. 

Shropshire: This county has a large number of good Lower 
Palaeoaoic localities. Loxuer Cambrian brachiopods and hyoH- 
thids can be collected from All Sirccton quarry near Church 
Sttetton, and trilobite fragments from a stream section at Com¬ 
ic}'. Middle Cambrian trilobites, brachiopods and dendroid 
graptolites ate found at Comley, Eaton Consterdine and Shine- 
ton. Ordovician trilobites, bra^opods and sometimes grapto- 
lites occur at Brockton, Bromlow, Cheney Longville, Penneiley 
and Snailbeach- In the Onny River section neat Wistantow, manv 
trinucicid trilobites are found, and another good trilobite locality 
occurs near Hope. In an Ordovician section at Shelve, graptolites 
and cystid plates can be collected. 

Shelly Silurian faunas of trilobites, corals, brachiopods, etc., 
can be seen at Qeobury Mortimer, Hughley, Hungeefotd, Leigh¬ 
ton, Ombury, Plowden and Shelve. Numerous quarries along 
Wcnlock Edge yield abtindant shelly faunas of comls, sttomato- 
potoids, brachiopods, crinoids, etc., and graptolites can be col¬ 
lected near Chiibury, Middletown and little Wcnlock. 
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ColkcHng Localities 

Caxboniferous brachiopods, fish teeth and spines ate to be found 
in quarries at Farlow, and also Upper Old Red Sandstone fish. 

Somerset: This is also a very good county for both Palaeozoic 
and Mesozoic fossils. Silurian shelly fossils can be collected from 
a field at Leigh-upon-Mendip» and Devonian corals, brachiopods, 
plants, etc,, from Holfoid, Timberscombe, Wheddon Cross and 
several other places. The usual prolific Carboniferous Limestone 
faunas of corals and brachiopods can be collected at quarries in 
numerous places, including Backwell, Binegar, Burlington, 
Qeeve, Dulcote, Failand, Long Ashton and Wriagton, At some 
places, for example, Portishead and Wacerlip, sllicified specimens 
occur, which can be dissolved out in acid. Millstone Grit gonia> 
tites can be found in a quarry at Wioford, and Coal Measure 
plants on tip heaps at Camerton and Midsomer Norton. Triassic 
lamellibranchs and fish remains can be seen on the shore at Blue 
Anchor. 

There are many Jurassic fossiliferous localities In the eastern 
part of the county, and some of the best are those In exposures 
and quarries near Chesterblade, Corton Denham, Dundry, Dun> 
kerton, Keynsham, Maperton, Maiston Magna, Midfoid, Shep- 
ton Beauchamp and Welton. Pleistocene bones and antlers have 
been found in gravel pits near Bleadon and Tiverton (over the 
border). 

Stappordshirz: Highly fossiliferous Silurian Wenlock Lime¬ 
stone and Shales outcrop in various exposures and quarries 
around Dudley and west of Great Barr, and very rich faunas of 
corals, tiilobites, brachiopods stromatopotoids, etc., can be col¬ 
lected. Upper Siliman shales occur at Netherton, and yield fish 
remains and brachiopods. At Caulden, sparsely fossiliferous 
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Carboniferous Limestone outcrops, bat at WatetfeU, Water- 
houses and Wootton abundant fo$$U$ of the same age ou) be col-* 
lected. Millstone Grit goniatites and lamellibcaochs are found at 
Brindley Ford and Meeibrook, and Coal Measure molluscs at 
Giilow Heath, Kingsley and Biddulph, largely on old tip heaps. 
Coal Measure plants au also found near Newcastle-under-Lyme. 

Sopfolk: Largely Quaternary fossils are found in this county, 
but Cretaceous belemnices, sea urchms, corals, bnchiopods, 
crinoids, etc., ate found near Bramford, Claydon and Sudbury. 
Pliocene Coralline Crag, with abundant lamellibranchs, gastro¬ 
pods, bryoaoa, forams and occasional sea urchins and crat^, out* 
crops in pits near Aldebuigh, Otfoed and Sudbourne. Red Crag, 
with numerous lamellibranchs, gastropods and derived mammal 
bones, fish teeth and biyosoa, occurs at Bawdsey, Holiesley, 
Newboume and Ramsholt. Pleistocene gravels at Srutton yield 
mammal bottes and fresb-vater molluscs. 

So It key: The best fbssiliferous localities of this county are of 
Cretaceous age. Large faunas of sea urchins, lamellibraochs, star¬ 
fish, sponges, ammonites, btyoaot, etc., are found in pits at 
Albury, Betchwonh, Compton, Fareham, Godstone, Guildford 
and Onslow, Mickleham, Oned, Seale and many other places. 

Sussex: In this county also the best fossils are to be found in the 
Cretaceous. Chalk echinoids, oysten, belemnites, etc., can be col¬ 
lected in pits near Arundel, Boxgrove, Burpham, Durrii^on, 
Friston, Houghton, Lavant, Lewes, Offham, Rottingdean, Single- 
ton and several other places; Cretaceous Greensand ammonites, 
lamellibranchs, etc., can be found on the shore at Eastbourne. 
Eocene London Gay ^unas of lamellibranchs, gastropods, corals, 
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crustaceans, fish, etc., occur on the shore at Bognoi Regis, and 
mollusca can be found ia the Woolwich Beds on the coast near 
Newhaven. On the shore at Seise}', Bracklesham Beds yield rich 
faunas of lamelUbranchs, forams, gastropods, corals, vertebmes, 
etc. 

Warwickshire: Lower Cambrian brachiopods and hyolitliids 
have been found in a quarry at Hartshili neat Nuneaton, and 
Catboniferous Coal Measure brachiopods, worms and non- 
marine lamellibtanchs and gastropods can be found in old pits 
at Dosthill and Longfoid. Triasslc plant remains, small crus¬ 
taceans and amphibian and fish teeth and bones have been col¬ 
lected from a cutting near Spexnal, and abundant Jurassic am¬ 
monites and other fossils from near Longford. 

Westmorland; Tlus county lias a number of good Palaeozoic 
localities. At Cautlcy and Salley Brow neat Sedburgh, fossilifer* 
ous nodules occur in Ordovician mudstones, and Ordovician 
trilobites and brachiopods may be collected near Kentmere and 
Troutbeck. Abundant Silurian graptolites have been found at 
various localities near Ambles idc, Kentmere and Stockdale, and 
at Cautley, trilobites also. Highly fossilifeious Catboniferous 
Limestone provides good collecting In quarries and stream sec¬ 
tions near Biikdale, Ciosby Ravens worth, Kabet, Kitkby 
Stephen, Shap, Raisbeck and many ocher places. Lower Carboni¬ 
ferous brachiopods and corals of the Yotedale Series can be col¬ 
lected at Dufeon, Great Strickland, Hackthoipe and TirriL In tlie 
neighbourhood of Appleby, certain Petmo-Trias horizons yield 
plant remains. 

Wiltshire: This county offers largely Mesozoic localities. 


CclkcHng Localititi 

Miny Jurassic axnmoohes, lamelilbraochs. brachiopods, corals, 
ostracods, etc., can be collected in quames and exposures near 
Bradford-on-Avon, Caine, Chadton and Gaisdcn, Hcywood, 
Malmesbury, Purton, Seend, Stanton St. Quintin, Steeple Ash¬ 
ton and Swindon. Ctetaceous fossils are also plentiful locally, and 
Chalk faunas ate found in pits at Aldetbury, Dovnton, Fyfield, 
Marlborough, Oare, Pitton and Woodfbtd. Gault amnionites can 
be collected in a brickyard in Deviaes. 

VToRCSSTzasHiRE: Not many fossilifcrous localities occur in 
this cotuity on the whole. Silurian graptolites can be found in a 
quarry near Great Whitley, and Upper Silurian bmellibranchs 
and fish fragments in a scream section near Shactetford. In quar¬ 
ries at Bromsgrove rare plants and arthropods have been found 
in Triassic sandstones. 

YoaKSHiRE (West Ridino): Most of the localities are of Car¬ 
boniferous age, but Ordovician and Silurian trilobites and 
brachiopods are found at a number of localities near Aostwick 
and Sedburgh. The rich Carboniferous Limestone faunas of 
brachiopods, corals, algae, and occasional goniadtes and crilo- 
bites can be collected at numerous quardea, clifis and natural ex¬ 
posures at Ainoa, Cracoe, Giggleswick, Honon-in-RibblesdaJe, 
Greenhow, Ingletoo, Malham, Newton-in-Bowland, Settle and 
Skipton. Coials and brachiopods of the Yocedale Series ate found 
at Feizor, Lof^ouse and Setde, and Millstone Grit goniadtes and 
lamellibranchs near Blubbohouses, CowUng, Keighley, Mars- 
den, Todmoeden and other places. Coal Measure goniadtes and 
non-madne lamellibranchs can be collected at Baildon, Bolton- 
upon-Deame, Bradgate, Hotsfbrch and Rotherham, and Permian 
lamellibranchs, brachiopods and biyozoa in quanies at Hampolc. 
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Pleistocene cnamma) bones have been found in a cave near 
Seccle. 

Yorkshire (North Riding): In this riding the fossilifcrous 
exposures ore largely of Carboniferous and Jurassic age. Lower 
Carboniferous shelly faunas are found at Askrigg» Aysgarth, 
Hawes and Leybum, and Upper Carboniferous corals aiui mol¬ 
luscs at Arkengarthdale. Abundant Jurassic ammonites, corals, 
gastropods, lamellibronchs, btachlopods, etc., can be collected 
from good coastal sections near Ravenscar, Robin Hood^s Bay, 
Whitby, Bumiston, Cayton, Qoughton, Filey, Gristhorpe and 
Scarborough, and numerous inland quarries and exposures such 
as those at Pickering, Seamer, Cawton, Boitby and Ampleforth. 

Yorkshire (East Riding): All localities in tills riding are of 
Mesozoic age. Good Jurassic ammonites, lamellibranchs, corals, 
etc., can be collected from Hotham, Nonli Grimston, and South 
Cave, and Chalk fossils are found jn numerous pits near Bes- 
singby, Beverley, Burdale, Flamborough, Market Weighton, 
Ruston Parva, Speeton, Willerby and many other places. 


WALES 

Anglesey: Anglesey has a number of good localities, mainly of 
Ordovician and Lower Carboniferous age. In the north of the 
island near Amlwch, Parys Mountain, Cemaes and Danbabo are 
localities where Ordovician graptolites and brachiopods can be 
collected. Ordovician brachiopods, trilobitcs and graptolites arc 
also found near Lianerchymedd, Rhosneigr, and a few places near 
Beaumaris and Menai Bridge. Carbonifexous Limestone brachio- 
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pods, conl$, g&stropods, occasioiud ttUobiccs ind £sh sc&ies and 
spines can be foxind in quarries, dids and exposures at Ked 
Wharfe Bay, Holland Arms, liangafio and Moelfrc. At Tre- 
Arddut a Holocene submerged forest is visible at low tide. 

Brecenocx: Rare Devonian oscracods have been found in a 
quarry at Gickhowell, and Carboniferous Millstone Grit gonla> 
tites, lamellibranchs, brachiopods and nautiloids at Aberctave 
and Colbren. Coal Measure plants and non-marine lamellibranchs 
can be collected at Ystradgynlais and at Abcrcrave on the banks 
of the River Uech. 

CAEDiGANSHias: This county has few localities, but there is a 
noted graptoliie locality at Poot-Erwyd, along the River Rheidol 
GraptoUtes can also be colleaed at Waun-Fawr near Aberyst¬ 
wyth. 

Caemaethenshire: There arc a number of good Palaeozoic 
fossiliferous localities. Trcmadocian trilobites can be found in 
stream sections at Carmarthen, and abundant Ordovician gtapto- 
lites near Abergwili and ^Phitland, and shelly and giaptolitic 
faunas at Llandilo, Uandowror and St. Gears. Devonian fish and 
plants occur near Ferry side and Kidwelly, and abundant Carboni¬ 
ferous Limestone corals, brachiopods, btyozoa, etc., ate also 
found at Kidwelly. Millstone Grit goniatites, lamellibranchs, 
ennoid stems and occasional plant lemains can be collected from 
Gamant, Beynammon, Cwtnllyofell and Llandebie, and Coal 
Measure plants in a stream section near Gorslas. 

Carnarvonshire: There arc a number of fairly good but scat¬ 
tered outcrops of fossitiferous Lower Palaeozoic rocks. At 
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Collecting Localities 

Bethcsda, dbroncd Lower Cambrian crilo bites are found in 
slates, and a^)und Portmadoc, Upper Cambrian ttilobitcs, 
brachiopods and dendroid giaptolites can be collected from 
several localities. Ordovician graptolites are found on the shore 
at Bangor, in a river section at Carnarvon, and at Dcganvvy. 
Llandegai, Portmadoc and Dolwyddeian, where crinoids, bra¬ 
chiopods, laroellibranchs and trilobites also occur. Silurian grap¬ 
tolites can be found at Liangwstenin near Colwyn Bay, On the 
Great and Little Ormcs at Llandudno and on the coast at Bangor 
and Deganwy, Carboniferous Limestone faunas can be collected. 

DfiNBiGHSHiRE: Thls county has good Palaeozoic localities. In 
a road seaion at Glyn Ceiriog Ordovician trilobites, brachiopods 
and bryozoa are abundant, and numerous Silurian graptolites can 
be collected at quarries and sections at Qocaenog, Gian Conway, 
Eglwys-Fach, Gwytherin, Llanwrst and Llansannan, Carbonifer¬ 
ous Aunas are found in quarries around Denbigh, Llandulas, 
Ruthin and the Egiwyseg and Trevor escarpments near Llangol¬ 
len- Millstone Grit goniatites and brachiopods occur near Pen-y- 
Cae, and Coal Measure plants on tip heaps at Brymbo, Bcrshafri 
and Plas Power near Wrexham. 


Fliktshire: This county has largely Carboniferous localities, 
but Silurian brachiopods and occasional trilobites can be found 
on Moel Pammau near CiJcain. Rich Carboniferous Limestone 
faunas can be collected in quarries and exposures at Dyscrch, 
Gwaenysgor, Halkyn, Holywell, Mold and Prestatyn, and Mill¬ 
stone Grit goniatites at Holywell, Halkyn and Higher Kinnerton. 
Coal Measure non-marine lamellibranchs can be found at Bryn 
Celyn, Caergwle and Gwespyr, and at Caerwys a post-glacial tufa 
contains land and fresh-water molluscs. 


124 



Colkcting Localities 

Glamorgan: This coxmty has a number of localities, including 
some good coast sections. Highly fossOlfecous Caibonifetous 
Limestone is found at Oystermouth, Sutton and Tongwynlais, 
and Millstone Grit plants, goniatices and non-marine lamelli' 
bfanchs at Rudry. On old tip heaps at several places, including 
Abetcanaid, Caerphilly, Cwmtwrch, Fcmdale and Ynys-Bocth, 
Cool Measure plants and non-madne lamelllbranchs can be col¬ 
lected. In a quarry at Kenfig Hill there is a Triassic conglomer¬ 
ate containing derived Carboniferous fossils, and on the coast at 
Lavemock and St. Ma£y*5 Well Bay Triassic, Rhactic and Jurassic 
rocks yield lameUibrandis, 6sh remains, ammonites and oysters. 
Jurassic ammonites and oysters are also found on the coast at 
Uantvit Major and St. D^ts. 


Mbrionethshirb: A scream section near Maentwrog yields 
many Cambrian crilobices, and Cambrian triiobites and brachio- 
pods have been found in stream sections near Dolgelley. At 
numerous exposures in the vidnety of Arenig Station, Cambrian 
and Ordovician brachiopods, tnJobiies, molluscs and graptolites 
can be collected, and many Ordovician brachiopods, t^obites 
and graptolites are to be found in qoaines and exposures near 
Bala, Llan Ffestiniog, Llangover tod Rhydymain. Carboniferous 
Limestone corals and bracldopods can be collected ftom a quarry 
near Corwen. 


M ON TGou Ears HIKE: There are several Ordovician localities, 
and shelly &unas can be found near Lianfyllia, Llangyniew, 
Llanyblodwel and Mdfod. Silurian graptolites are found at Dci- 
wenlas, and Silurian shelly fossils in a road section near Llangy- 
niew. 



Collecting Localities 

Peubrokbshire: This county has nomeious good fossil locali* 
ties of Palaeozoic age. Cambiian bnchiopods and trilobices can 
be collected on the shore and from quarries near Solva, St. 
David’s and Haverfordwest, and many Ordovician graptolices 
may be found in quarries and exposures at Abereiddy, Blether- 
ston, Qaibeston, Fishguard, Narberch and St. David’s. Shelly 
Ordovician and Silurian faunas can be collected at Haverford¬ 
west, Keeston, Narbcrth, Robeston Wathen, Pembroke, Tiers 
Cross, Castlemartin and several other places. Devonian btachio- 
pods, lamellibranchs and £sh and plant remains can be collected 
at Angle, Cosheston and Manotbier; abundant Carboniferous 
limestone fossils at Bosherston, Castlemartin and Lydscep; Mill¬ 
stone Grit goniatites and lamellibranchs at Amroth, Ctesswell, 
Gumfreston and Tenby, and Coal Measure non-marine lamelli¬ 
branchs, Crustacea, plants, etc., at Boulston, Little Haven and 
Tenby. In caves and fissures in the Carboniferous Limestone at 
Tenby, Pleistocene deposits with Implements and mammal bones 
have been found, but are now mosdy quarried away. 

Ra©norshirbi This county has few localities, but Ordovician 
and Silurian gtaptolites and shelly faunas can be collected in 
several sections and quarries neat Builth ^ells, Llandrindod 
Wells and Old Radnor. 


SCOTLAND 

Aberdeenshire: This county o6eis little to the fossil collec¬ 
tor. One famous locality is that at Dryden near Rhynic, where 
Middle Old Red Sandstone (Devonian) Rhynic Chert contains 
remains of woody plants, crust&cea and the earliest insects. 
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Collecting Localities 

Abgtll: The mainland section of this county has few localities, 
but in Tiifergus Glen near Campbelltown, Lower Carboniferous 
plants, bracluopods, molluscs and trilobices can be collected. 

Argyll (Ardnauurchan): From coastal sections near Kih 
mory and Kllchoan, Lower and Middle Jurassic lameliibtanchs, 
bf&chiopods,ammonites, belemnites, coads, etc., can be collected. 

Argyll (Mull); Near Gnbun, Rhaetic beds yield lamelli- 
branchs and £sh scales, and Cretaceous lameliibtanchs and 
biachiopods can also be found there. Jucassic Liassic brachiopods, 
molluscs, etc., can be collected from several shore localities neat 
Bunessan, Lochbuie and Ardmeanach. 

Ayrskz&e; This county b very good for Palaeoroic fossib. 
Ordovician giaptolites, brachiop^, molluscs, algae, etc., can be 
coUcaed near Bailantrae (Bennane Head), Barr, Carsphaitn, New 
Diilly and Girvan. Starfish Beds are exposed in Lady Bum near 
New Dailly. Silurian shelly fossils and occasional crustaceans and 
plane and remains can be fouiid near Bart, Muirkirk, Girvan 
and New Dailly. Many Carboniferous Limestone fossils may be 
collected in quarries and sections at Beith, Dalblair, Dairy, Gal- 
ston, Muirkirk and many other places; Milbtone Grit fossib at 
Dairy and Kilmarnock, and Coal Measure plants and molluscs 
neat Kilmarnock, Saltcoats, Ochiltree and Dalmellington. 

Banffshire: There are few localities in tlus county. Middle Old 
Red Sandstone with well-preserved fish (crossopterygians and 
placoderms) have been found in a river section at Fochabers, and 
dso at Gardenstown of Gamrir. 
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Colkciing Localities 

Berwickshire: This county has a numbei of good Palaeozoic 
localities, especially along its coast. Oidoviciao graptolitcs are 
found at Fala, and Siludan shelly faunas and graptolitcs at Cock- 
bumspath, Spottiswoode and Westruther. Devonian fish remains 
can be collected at Cockbumspath and Greenlaw, and the usual 
abundant Lower Carboniferous faunas at Allantown, Bcrwick- 
on-Tweed, Cockbumspath, Coldstream and Lenncl. 

Buteshire (Arran): Lower Carboniferous sandstones and 
limestones yield brachiopods, lamellibranchs, gastropods, plant 
and fish remains, trilobitcs and nautiloids in coast sections near 
Corrie and Lochranza. 

Caithness: This county is famous for its Middle Old Red 
Sandstone fish. These have been found in ^quarries and coast sec¬ 
tions at Castletown, John o* Groats, Scrabster, Spital and Thurso. 

Clacxuannan: There are few localities, but Carboniferous 
Millstone Grit ciinoids, brachiopods and ostracods are found at 
Cambus on the banks of the River Devon, and Coal Measure 
plants in a stream section near Tillicoultry. 

Dunbartonshire: This county also has few localities. Lower 
Carboniferous shelly fossils can be collected near Cumbernauld, 
Bowling and Kilsyth, and Millstone Grit brachiopods, lamelli¬ 
branchs and plants at Cumexnauld. 

Dumfriesshire: This county has many Palaeozoic fossiliferous 
localities. Ordovician graptolitcs and brachiopods can be collec¬ 
ted in stream sections and exposures at Abington, Dobb’s Linn 
(a classic locality near Birkhill), Dunscore, Kirkconnel, Moffat, 
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ColUcting Localities 

Sanquhar and many ocbei places. Many SDurjan graptolites, 
bfftchiopods and cephaJopods can be collected at Dunscore, 
Langholm, Lockerbie, Mo^t and RaehiUs. Highly foiaillferous 
Carboniferous Limestone also outcrops at Canoobic, Ecclefechan, 
Langholm and Kinle Bridge, and Measure ostiacods, lamel- 
libianchs and cephaJopods may be collected ac Canonbie and 
Kirkconnel. 

East Lothian: This county has mainly Carboniferous locadi- 
lies, but Ordovician graptolites and brtchiopods can be found in 
stream sections near East Salion and Gamid. Abundant Car¬ 
boniferous shelly faunas may be collected from shore sections and 
quarries near Aberlady, Broxburn, Dunbar, Haddington, Inner- 
wick, Pathend and Slmrerav. Millstone Grit and Coal Measure 
plants and non-marine lamellibranchs can be found at Port Seton, 
and at Aberlady, recent raised beach deposits yield marine lameJ- 
libranchs, etc. 

PiPfiSHiRB: This county has lately Carboniferous localities, but 
at Newburgh, Wormit Bay, Cupar and Blcbocraigs, Devonian 
fish, eurypterid and plant remains have been found. The tisuaJ 
Carboniferous limestone faunas are abundant in quarries and 
coastal sections ac Aberdour, CuJeoss, Dunfermline, Kirkcaldy, 
Largo, St. Andrews and many otbu places. Millstone Grit 
brachiopods, gastropods and lameilibxanchs can be collected at 
Culross and Dollar, and Coal Measure non-maone lamellibranchs 
on the coast at Dysart and West Wemyss. 

Forfarshire: Fossils are scarce in county, but occa¬ 
sional Lower Old Red Sandstone fish, eurypterid and plant 
remains are to be found in the waste heaps of old quarries near 
Forfar. 
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Collecting Localities 

Inverness (Eiog): There arc several shore exposarcs of Upper 
Jurassic rocks, where lameilibranchs, gastropods, fish, reptiles, 
ammonites and crustaceans can be collected. 

Inverness (MucK)t Near Camas Mor, Upper Jurassic lamelU- 
branchs, gastropods, ostiacods and phyllopods can be colleaed 
from shore exposures. 

Inverness (Raasat): There ate several good Lower Jurassic 
exposures on the island. Near Hallag. Holloman, Invetarish and 
Screapadal, ammonites, lamellibtanchs, gastropods and beLcm* 
lUtes are to be found. 

Inverness (Scalpa); On the southern side of the island Juras¬ 
sic ammonites, belcmnites, lameilibranchs, etc., occur, and 
Upper Cretaceous coials, gastropods and lameilibranchs can also 
be collected. 

Inverness (Sktb): Cambrian sponges, lamellibtanchs, anne¬ 
lids, gastropods and cephalopods can be collected from the Dur¬ 
ness Limestone neat Broadford, Torian, Tokavaig and Ord- 
Rhaetic lameilibranchs, fish scales and plants ate found at Heast 
and Lusa, and highly fossiliferous Jurassic tocks outcrop on the 
shore and in quarries neat Broadford, Elgol, Holm, Kirkibost, 
Portree, Rigg, Toiran and Stiathaird. 

Kincardineshire: There ate a few fossiliferous localities in 
this county. At Stonehaven, Upper Silurian arthropods and fish 
remains iwve been collected from the shore. 

Kinross: This county also has few localities, but Carboniferous 
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Colkcting LocalitUs 

Limestone &nd Millstone Got sections aie found ac Dollaf, and 
yield biachiopods, lamellibcanchs and gasttopods. 

Kirkcudbright: There ase several good Lover Palaeozoic 
localities. At Castie Douglas, Dairy, Nev Galloway and Tynron 
abundant Ordovician grapeolites can be collected, and Silurian 
graptolites at Balmadellan, Cotsock, Dunscoce, lUrkcudbcighc, 
Lawneston and Parton. Shelly Silurian faunas are found at Dun- 
drennan, the shore at Kirkcudbright, and several other places. 
Lower Carboniferous shelly fossils can be collected neat Aibig- 
land and Southwick. 

Lana Rss KIR El This county has fniny fossiliferous localities. 
Ordovician graptolites and brachiopods can be collected at 
Abington and Lamingtoo; Sllunan graptolites at Tweeds muir, 
and Silurian ostracods, eurypterids and fish remains at Muirkirk. 
Carboniferous shelly faunas can be collected at Braidwood, Car¬ 
luke, Coalbum, East Kilbride, Lanark, Lesmahagow, Stone- 
house and Strathaven, and Coal Measure plants, lamdlibranchs 
and goniatites ac Avonbank, Bothwell, Dalseif, Douglas, Ken- 
nox, Laikhall and Waterloo. 

Midlothian: This county also has many Palaeozoic localities, 
mainly of Carboniferous age. Ordovidan graptolites can be col¬ 
lected near Heriot, and Silurian graptolites at Scow. A Silurian 
shelly fauna can also be found in a stream section near Carlops. 
Lower Carboniferous foraros, echinoids, corals, brachiopods, 
lamdlibranchs, cephalopods, etc., can be collected from Borth- 
wick, Colinton, Dalkeith, Edinburgh, Loanhead, Straiton and 
many other places, and Millstone Got btachiopods, lamelli- 
bianchs, gastropods, etc., ^om secdons near Polton and Gore- 
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Collecting Localities 

bridge. Coil Measure plants and non-marine iamellibranchs arc 
found neat Bonnyrig and Dalkeith. 

Morayshire: Devonian fossil fish have been found in Upper 
Old Red Sandstone at Rosebrae Quarry near Elgin, and near 
Longmorn Station. At Lossiemouth, rare Triassic reptile remains 
have been found. 

Nairnshire: Devonian fossil fish have been found in quarries 
neat the coast at Naim. 

Peeblesshire: Ordovician graptolites can be collected neat 
Cultcr and Peebles, and Ordovician and Silurian shelly faunas 
near Broughton, Eddleston, Lcadbom, Wrae, Baddingsgill and 
Innerleithen. Lower Carboniferous crinoids, corals, lamelli- 
btanchs and fotams can be found near Carlops and West Linton. 

Renfrewshire: All localities in this county are in Carbonifer¬ 
ous Limestone, and the usual faunas can be collected near Barr¬ 
head, Bridge of Weir, Howwood, Paisley and Johnstone. 

Ross AND Cromarty: In stream sections near Achneigic and 
Kifdochcwe, Cambrian worms, molluscs, trilobites and btachio- 
pods can be colleaed, and on the shore at Cromarty numerous 
fish have been found in nodules in Devonian Old Red Sandstone. 
Jurassic plants and shelly fossils can be collected from exposures 
near Applccross, Ethic and Balintore, 

R ox BU RG HS HI RE : Silurian graptolites, arthropods and cephalo- 
pods can be collected from several exposures near Edgeiscon, 
Hownam, Riccaiton, Stobs Castle and Wolflee. Abundant Lower 



ColkcHr^ Localities 

Carboniferous fossils can be found in quarries and esposuies near 
Langholm, Newcastleton, Penton and Riccaiton. 

Selkirkshire: Ordovidan btachiopods and graptolites can be 
coUecced horn Chapelhope, Ettrickbiidgend, Melrose and Yar* 
tow, and good Silurian graptolites from ea^sures neat Qoven- 
fords, Galashiels, Kirkhope and Melrose. 

Stirlingshire: This county has only Carbonifetous localities. 
Prolific Lower Carboniferous faunas are found in quarries and 
river sections at Baldow, Denny, Kilsyth, Lennonown, Linlith¬ 
gow, and Murrayshall. Millstone Grit btachiopods, gastropods 
and lamellibranchs can be collected from a stream section near 
Latbert. 

S UTHSRLA KD s H1 RE: Cambrian btachiopods, gastropods, cepha- 
lopods, sponges and worms are found neat Durness and Hellem, 
and abundant and varied Jurassic faunas can be collected in cut¬ 
tings and shore exposures near Broca, Oyneleish, Golspie, 
Helmsdale, Kintradwell snd Wester Garty. 

West Lothian: This county has a few Lower Carboniferous 
localities, and btachiopods, lamellibranchs, corals, annelids, plane 
and fish remains can be collected at Bathgate, Dalmeny and Lin¬ 
lithgow. 

Wigtownshire: ’Hus county has several Palaeozoic exposures. 
Ordovician or Silurian graptolites can be collected at many locali¬ 
ties near Colfic, Kirkcolm, Kirkcowan, Port Patrick, Mochrum, 
Stranraer, Wigtown, Glenluce, Stoneykirk, Whithorn and other 
places. Caiboniferoxis Coal Measure plants occur at KiikcoLm, 
and near Stranraer, Pleistocene glacial deposits contain lamelli- 
bianchs, foraminifers and gastropods. 
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